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ORIGINAL ARTICLES 

PHOTO-HYDROLYSIS OF STARCH 

By M. R. Malhok and Fazal Uddin, Bacteriological Research Laboratories, Punjab Agricultural 

College, Lyallpur 

(Received for publication on 17 June 1944) 


Hydrolysis of starch by the action of enzymes 
and acids is a wcli-known phenomenon. Bieder- 
inann in his series of publications [1919-1924:] 
reported that certain neutral salts such as potas- 
sium phosphate, sodium chloride, etc. could also 
hydrolyse starch. He further found that a mix- 
ture of sodium chloride, potassium phosphate 
and glycine was capable of hydrolysing a 1 per cent 
solution of starch in two hours. 

A number of workers like Bachrach [1921], 
Bokorny [1921], Teschendorf [1921], Rothlin [1922] 
couhl not, however, confirm his results and attri- 
buted the observed hydrolysis to either the con- 
tamination of starch with amylase or to bacterial 
action. Other workers, like Haehii [1924] and 
lljin [1924], confirmed Beidermann’s findings. 

During our investigations on the losses of nit- 
rogen from sodium nitrite in the presence of starch, 
it was incidentally noted that starch disappeared 
completely from flasks which were exposed to the 
sun for sometime. On th(‘ other hand, flasks 
kept in the dark continin‘d to give a positive 
reaction for starch. Besides a slight rediud^ion 
and oxidation, denitrification of .sodium nitrite 
Was also observed in the presence of light. 

(A). So far as the transformation of starch is 
concerned the foregoing experiment was only of 
a qualitative nature. That .starch di.sappeare<J 
in the presence of sunlight was quite obvious, 
but it remained to be seen whether starch in the 
unexposed flasks had undergone any transforma- 
tion. Another experiment was therefore con- 
ducted with 0-5 per cent .starch solution. Deter- 
mination of starch was made after five weeks 
duration by the .starch iodide gravimetric method. 

The results given in Table I showed that starch 
is not hydrolysed in the dark even in the presence 
of sodium nitrite and the change , is entirely a 
photo-chemical one. The sterility of the solution 
in the flaslfs was tested before analysis. 

Table I 


Starch in gw. per 100 c.c. solution 



" Uii-ex 

jwsed 

Exposed 

With nitrite 

Without nitrito 

Nil . 

0-48 

051 

Nil . 

0-50 

0-50 


A number of experiments on various aspects of 
the subject were then conducted. The technique 
followed and the material used throughout, except 
where otherwise mentioned, were as follows : 

Soluble starch (May and Baker) was used in 
all the experiments. The solution was exposed 
in Pyrex glass rimless culture tubes measuring 
6 in. X 0-5 in. Paper was alw^ays tied over the 
plugs to protect them from dust. Ten c.c. of 
0*1 per cent starch solution were put in the tubes. 
Sterilization was done in the autoclave at 15 lb. 
pressure for half an hour. Sodium nitrite w^as 
used in 0-2 per cent concentration as a catalyst 
and its solution w^as sterilized separately and 
added aseptically when required. 

(B). Since nitrite in the presence of .starch 
undei^oes both reduction and oxidation, experi- 
ments were conducted to determine the extent 
to which the three ions, viz. NH^, NO3 and NOg 
cataly.se the reaction. For this purpose, solutions 
of sodium nitrite, .sodium nitrate and ammonium 
.sulphate were prepared on equal nitrogen basis, 
sterilized and used as catalysts. 

The results obtained showed that in the presence 
of sodium nitrite starch disappeared in about a 
w^eek\s time, while in the pre.sencc of jsodium 
nitrate it took over four w eeks. In the presence 
of ammonium sulphate a positive reaction for 
starch was obtained even after a lapse of many 
wrecks. 

It is likely that the destruction of starch in 
the case of .sodium nitrate may be d\|^^ partly or 
entirely to the presence of NO 2 ions produced 
as a result of the photo-reduction of nitrate, 
but it is not clear from the results of the above 
experiment as to how far this is due to the pre- 
sence of one or the other ion (NO2 or NO3) or 
to the combined action of both. How^ever, even 
if NO3 ions catalyse this reaction, their effect 
seems to be much slower. 

(0). An experiment w^as conducted to ascertain 
if dextrin can be hydrolysed in the presence of 
sodium nitrite. For this purpose a 0*2 per cent 
solution of dextrin was used. The results ob- 
tained showed that dextrin completely disap- 
peared in 10 days in the exposed tubes treated 
with sodium nitrite while the unexposed tubes 
continued to give a positive test up to the end of 
six weeks, when the experiment terminated. 


A 
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Qualitative teats carried out to detect the dis- 
appearance of starch in the preliminary experi- 
ments often gave a reddish brown colouration 
with iodine solution in the exposed tubes indi- 
cating the presence of dextrin in the solution. 
Other tests, the alcohol and basic lead acetate 
tests, also showed its presence when 0-5 per cent 
starch solution was tested after the disappearance 
of starch. The solution when free from starch 
and dextrin (as shown by the iodine test) was 
also foxmd to reduce Fehling’s solution showing 
thereby the presence of reducing sugars. The 
reducing power of a 0-2 per cent starch solution 
was found to be equivalent to 0'08 per cent solu- 
tion of glucose. 

As the starch is first converted into dextrin 
and then into reducing sugars, evidently this is 
a case of hydrolysis. In order to study the effect 
of various factors on this reaction, the following 
experiments were undertaken : 

Keaction or the solution 

In order to determine the effect of reaction on 
the rate of hydrolysis of starch, the experiment 
was conducted at a pH of 5*2 and 8'6. The 
rate of hydrolysis was found to be the same at 


both the pH values. The pH of the tubes was 
again determined at the end of the experiment 
and was found to be practically the same as at the 
beginning. 

lire pH was adjusted by the addition of iV/10 
HCl or iV/10 NaOH and both these reagents 
were found to have no action on the hydrolysis 
of starch in the absence of soditim nitrite. 

Concentration or the catalyst 

Four concentrations, viz. 1-0, 0-2, 0’04 and 
0’008 per cent of sodium nitrite were tried. 
The rate of hydrolysis of starch was found 
to be practically the same in all concentrations 
from 0-04 to 1*0 per cent. With a 0-008 per 
cent concentration of the nitrite it was, 
however, found to be definitely lower. 

Rate or hydrolysis of different starches 

An experiment was conducted to compare the 
rate of hydrolysis of some different starches. The 
results given in Table II show that the rate of 
hydrolysis varies in different cases. Potato and 
soluble starch are more readily hydrolysed as 
compared to other starches from wheat, maize, 
rice, etc. 


Table II 


Starch 

1 

! After 7 days 

i 

After 1 1 days 

After 28 days 

After 48 days 

i starch 

f 

Df*xtrln 

StarcU 

Dextrin 

Starch 

Dcxtrhi 

starch 

Dextrin 

Buck wlicat 

1 

-f 


trace 

4 

— 






Sol. starch 

. ; 



tiaie 



— 


Potato 

! 


— 

tia« c 

— 

__ 




Wheat . ^ 

1- ; 

1 

i 


! trace 

4 

— 



Maize 

. . 1 -h 1 

1 

f- 


trace 

-f 




Rice . . . 

-i . ! 

j 

4 


trace 



- 


Wave length of light 

The experiment was conducted in usual way in 
culture tubes, which were kept immersed in clear 
water or coloured violet or red and then exposed 
to the sun. As expected the shorter waves were 
found to be more effective than the longer waves. 

Influence of different compounds 
(o) In order to determine the effect of other 
sodium salts on the hydrolysis of starch, a series 
of trials were conducted as usual with sodium 
acetate, borate, carbonate, phosphate, tartaratc 


and chloride. The concentration of the starch 
solution and of the catalyst used in each case 
was 0-1 and 1-0 per cent respectively. The ex- 
periment lasted for two months. The results' 
were negative in every case, i.c. disappearance 
of starch was not noted in any case. 

(6) Other substances like mercuric oxide, bis- 
muth oxide, zinc oxide, reduced nickel and animal 
cliarcoal were also tried as catalysts. The oxides 
were washed free of any traces of NOj before 
use. A O'l gm. of the catalyst was added to 
each tube. After sterilization the cottou wool 
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plugs were replaced by sterilized tight-fitting 
corks. This was considered necessary in order to 
keep off atmospheric ammonia which gets oxidized 
to nitrite in the presence of oxidizing photo- 
catalysts. The experiment lasted for four weeks. 
It was found that zinc oxide acted catalytically 
on the hydrolysis of starch. The rate of hydro- 
lysis appeared to be the same as with sodium 
nitrite. Mercuric oxide acted positively Init the 
action was rather weak. 

(c) Another experiment was conducted to verify 
the claims of Biedermami [1919-1D24J that a mix- 
ture of glycine, potassium pliosphate and sodium 
chloride hydrolysed starch in two hours. As the 
original article by Biedermann was not available, 
the trial \vas conducted as follows : 

A 0*1 per cent starch solution was prepared 
with 0*2 per cent each of potassium phosphate, 
sodium chloride and glycine. 

It was tubed in 10 c.c. portions and sterilized. 
Some tubes were exposed to the sun and the 
others were kept in the dark. Occasional tests 
with iodine .solution up to a period of six weeks 
did not show the disappearance of starch. 

SUMMAUV 

I . Starch undergoes hydrolysis under the act ion 
of light in the presence of catalysts. 


2. Shorter waves of light are more active in 
their effect tlian the longer waves. 

3. Sodium nitrite, zinc oxide and mercuric 
oxide act as catalysts for the hydrolysis of starch. 

4. The rate of hydrolysis varies with different 
starcJxes. 

5. The rate of hydrolysis is unaffected between 
the pH range 5* 2-8* 6. 

f». A inixtun; of potassium phosphate, sodium 
chloride and glycine did not catalyse the hydro- 
lysis of starch as observed by Biedermann. 
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STUDIES ON THE ROOT ROT DISEASES OF COTTON IN Tllfe PUNJAB 

XIII. LEAF TEMPERATURES OF HEALTHY AXD ROOT-HOT AFFECTED PLANTS 


By H. Sahai Vasudeva, Ph.D. (Lom>.), D.I.C. (Lund.), Assistant Plant Pathologi^ Imperial 

Agricultural Research Institute, New Delhi V 

(Rcoci\cd for publication on 8 May 1944) 


Root** rot disease of cotton is the most serious 
disease of this crop in the Punjab and caiRses 
heavy damage to the crop every year [Vasudeva, 
1935]. In a freshly wilted plant excepting a few 
roots which hold the plant in position, most of 
the other roots are decayed and bark broken 
down into shreds. The food supply of the plant-s 
is thus cut off and the plants are killed out right 
within a very short period. The disease actually 
starts much earlier, and the above-ground mani- 
festation of the disease in the form of wilting 
ie a very late symptom. 

In the course of some field experiments in which 
the cotton plants attacked by root-rot* were under 


study it was observed that the leaves of the 
affected plants have deci<ledly a higher tempera- 
ture. The experimental data are recorded in 
this paper and it may later on be possible^ to use 
leaf temperature as an index for the identifica- 
tion of plants affected by root-rot disease. The 
experiments though have no direct bearing on 
the problem are nevertheless cognate to the 
subject and are included in this series. 

Experimental 

The temperature of the leaves was recorded 
by the thermo-electric method. The apparatus 
employed consisted of constantan wire, copper 

a2 
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wire, a unipivot galvanometer, a spring key and 
centigrade thermometers. The ends of the con- 
stantan wire were soldered with the ends of the two 
copper wires ; the absorption coefficient of these 
wires being nil. The free ends of the copper wires 
were connected to the galvanometer and the 
spring key respectively. The key and the gal- 
vanometer were connected by a similar piece of 
copper wire. All the wires wore carefully insulated 
with rubber valve-tubing. A galvanometer sensi- 
tive enough to indicate at least 0*0025 micro- 
amperes was used. 

Of the two thermo junctions om* was placed in 
a Dewar's flask containing cold water along with 
a thermometer and served as the ‘ cold juction '. 
In order to guard against the sudden fluctuations 
in air temperature, the Dewar’s flask was kept 
in a wooden box containing sawdust. The tem- 
perature of the water in the flask was kept con- 
stant at about 10®C. In measuring the tempe- 
rature, the leaf was folded upwards in such a 
way that two portions of the upper surface were 
brought firmly together over the free juction by 
means of a pair of tongs, the tips of which had 
been previously covered with pieces of cork. The 
circuit was then completed by inserf iiig the key. 
The deflection caused by the difTerence of tempe- 
rature of the two junctions was recorded. The 
internal temperature of the leaves was deter- 


mined by inserting the free junction in the tissue 
of the mid-rib. The corresponding temperature 
of air was recorded by holding the free junction 
in air and necessary precautions to protect it 
from the direct rays of the sun were taken. Two 
cotton plants of variety Gassy 'pium indicurn (15 
Mollisoni) standing in the same field, of the 
same age and as far as possible of the same size 
were selected early in the morning every day : 
One which just showed the first apparent signs 
of wilting, i.e. slight drooping of top-most leaf, 
and the other which appeared perfectly normal 
and healthy. The leaf temperature was mea- 
sured four times during the day, i.e. at 6*30 a.m., 
9 a.m., 12 noon and 5 p.m. Temperatures of 
six leaves were determined on each plant at one 
time ; the readings for the temperature deter- 
minations of healthy leaves alternating witli 
those of the diseased ones. Corresponding tem- 
perature of air at that particular time was also 
recorded. Leaves which faced the sun at right 
angles were always selected so that the results 
could be strictly comparable. 

The leaf temperatures were recorded during a 
number of days on different pairs of healthy 
and diseased plants during July and August. 
Determinations of the leaf surface and inner tissue 
temperatures were made simultaneously. Data 
for a single pair of plants are recorded in Table 1. 


Table I 

Leaf temperatures of a healthy ami a diseased cotton plant at different twies of the day 


Time 

'I'cin|)era- 
tiire of 

Tempera - 
turf* of oUl 

Xo. of deflections of tlie 

galvanometer | 

1 Calculated temi)erature 

Healthy 

Value of / 

i K. air 

h :. 

junction 

Air 1 

U])|)er 

surface 

Inner 

tissue 

Air 

Upr^er 1 
surface 

Inner 

tissue 

or 

diseased 

Upper 

surface 

Inner 

tissue 

6.80 a.in. . 

' 20-4 

23-4 

21 


25 

25 

29*4 

30-52 

30-52 

H 








27 

27 


31-09 i 

31-09 

1> 




29-6 

23 4 

27 


25 

24 

29-6 

29*12 

28-89 

H 





1 



28 

28 


29-80 

29-80 

]) 




20'8 

23-4 

20 


27 

27 

29-8 

80-04 

30-04 

H 








30 

30 


30-73 

30-73 

U 

4-17 

4-10 


300 

23-4 

28 


28 

28 

300 

30-00 

30-00 

H 








30 

30 


30-47 

30-47 

1) 




80-2 

23*4 

28 

1 

28 

28 

30-2 

30-20 

30-20 

H 








35 j 

35 


31-90 

‘ 31*90 

D 




80-4 

23-4 

20 


29 

27 

30-4 

30*40 

29-92 

H 








36 

35 


; 82-09 

1 

31-86 

D 
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Time 

Tempera- 
ture of 

Tempera- 
ture of old 

No. of defloc'iions of the 

1 galvanometer 

1 ■ . _ 

I Caiculate 1 tempiTuture 

! 

He..ltlir 

Vrflue of t 

air 

‘’C. 

junction 

®c. 

Air 

Upper 

surface 

Inner 

thsue 

Air 

Upper 

surface 

Inner 

tissue 

or 

disc ised 

Up; er 
surf ICC 

Inner 

tissue 

9.0 a.m. . 

:i40 

24-8 

35 

38 

31 

340 

34 79 

.52 95 

H 







46 

43 


36-89 

30-10 

1) 




340 

24-8 

35 

40 

33 

34-0 

35-31 

33-50 

H 







47 

43 


37-15 

36-10 

D 




340 

24-8 

3.5 

38 

34 

340 

34-79 

33-73 

H 







48 

43 


37-41 

36-10 

I) 




342 

24-8 

3.'» 

37 

34 

34 2 

34-73 

33-93 

H 

7-85 

7*55 





.50 

40 


38-32 

35-54 

I) 




34 4 

24 8 

3r) 

39 

37 

34 4 

35 20 

36-66 

H 



, 




.54 

44 


39 20 

36-53 

1) 




34- 4 

24-8 

38 

42 

38 

34 4 

3.5-41 

3 4 40 

11 







51 

43 


37 68 

35 06 

1) 









• 






12.0 Noon 

3S 4 

2:.- 4 

44 

49 

42 

38 1 

39 87 

37 81 

H 







5t» 

4 7 


41 94 

39-28 

1) 




3.S-4 

2.'r 1 

40 

47 

43 

.^8-4 

38 68 

37 55 

H 







.5.5 

46 


40-94 

.38-40 

1) 




38-0 

2.'* 4 

4.'. 

48 

43 

.38-6 

39 48 

38 01 

H 







(>«) 

52 


43 00 

40 65 

1) 




38 «•> , 

2.') 4 

43 

49 

44 

38-6 

40-4 4 

38 95 

H 

15 73 

4-03 





50 

53 


43-51 

41 07 

1) 




38-8 

25 4 

44 

49 

43 

38-8 

40 32 

38-50 

11 







59 

:>i 


43 36 

40-93 

1> 




38 8 

25-4 

44 

48 

44 

38-8 

40-21 

38-50 

H 




1 



57 

45 


42-76 

39 10 

1) 



.^>.0 p m. . 

38-4 

28-8 

44 

46 

43 

38-4 

38-83 

38 1 8 

11 







5.5 

46 


40 SO j 

38 .s:5 

D 




38-4 

28*8 

43 

44 

41 

' 38-4 

38-62 

37-95 

n 







5 4 

48 


40 85 

39 5 1 

D 




38-4 

28-8 

41 

38 

34 

38 4 

37-69 

36-76 I 

H 







48 

40 


•40-04 

38 1 6 1 

1) 




38 4 

28-8 

42 

33 

30 

38-4 

36-34 

3.5 *6.5 

H 

12-.38 j 

4-7e 





44 

40 


38-86 

37 94 

J) 




38-4 

28 8 

39 

.36 

32 

38-4 

37-66 

36-67 

H 







47 

37 


40-37 

37-lX) 

n 




38-4 

28-8 

- i 

39 

36 

38-4 

38-40 

37 66 

11 






1 

45 

38 


39-88 

38-15 

D 




It is observed that diseased plants remain 
considerabjy warmer as compared witli the healthy 
ones. To show the statistical significance of the 
differences in temperature recorded, a function 


t was calculated from the data as described 
by Fisher [1924]. For a series of six observa- 
tions the value of t 2*57 is just on the margin 
of significance. (The usual 20 : 1 standard being 
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adopted). The temperature differences both of 
upper surface and inner tissue of the diseased and 
healthy leaves are found to be significant. The 
inner tissue temperature shows a constantly lower 
value than the surface temperature and this holds 
good in the hr^althy as well as in the diseased 
plants. The value of t for the comparisons as 
shown in Table I is extremely high. This re- 
presents enormously great probability that the 
temperature of the leaves of a diseased plant is 
higher than that of the leaves of a healthy plant. 
The same type of experiments were repeated 
using different pairs of plants with similar 
results. 

All the comparisons shown above are clearly 
significant and are in accordance with the obser- 
vations of Ezekiel and Taubenhaus [1932] for 
Phymatolricluun root-rot and with Luthra and 
Chima [1937] who brought about wilting of the 
cotton plants by withholding the water supply. 

Preliminary experiments conducted to deter- 
mine the rate of transpiration of healthy and 
root-rot affected cotton plants showed that, the 
rate of transpiration is considerably higher in 
healthy plants. The increase in temperature of 


[ XIV 

root-rot affected plants is probably due to the 
defective root absorption as a result of which the 
moisture supply of the leaves is curtailed and 
the heat incident on tlie leaves is not dissipated 
resulting in the warming up of the leaves. On 
the other hand, in healthy plants the transpiration 
is fairly active and consequently the leaves remain 
comparatively cool. 

The observations recorded were made during 
the course of the investigation of root-rot disease 
of cotton in the Punjab financed by the Indian 
Central Cotton Committee to whom my thanks 
are due. 

Thanks are also due to Mr Inder Singh Chima 
of the Botanical Section, Agricultural College, 
Lyallpur, for his assistance. 
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STUDIES ON TOE ROOT-ROT OF ( OTTON IN SIND 
II. RELATION OF ROOT-ROT OF COTTON WITH ROOT-ROT OF OTHER CROPS 
By N. Prasad, Assistant Mycologist, Department of Agriculture, Sind, Sakrand 
(Received for publication on 28 February 1944) 


It has been observed that in addition to cotton, 
certain other crops suffer every year from root- 
rot. The crops most commonly attacked are 
castor {Ricinus conmitnis L.), sesamum {Sesa- 
mum orientale L.), sunn-hemp {Crotalarin juncea 
Coso.), and guar (Cyaniopsis psoraloides D, C.). 
Of all these sesamum and guar are the most 
affected. 

The symptoms in all cases are similar to that 
of root-rot of cotton. The affected plants wilt 
suddenly. On pulling out the plants, it is seen 
that most of the lateral roots become fibrous, a 
yellow liquid oozes out on squeezing them and 
the roots ultimately rot. All the above-mention- 
ed crops are cultivated during the summer 
months and root rot is active from the beginning 
of June right up to the end of October. 

Vasudeva [1935] also reports that root-rot 
affects several crops in the Punjab and that the 


causal organism is probably the same in ull cases, 
i.e. Rhizoctonia bataticola (Taub.) (Butl.). In 
Sind the root-rot of cotton is caused by t wo fungi 
Rhizoctonia bataticola (Taub.) Butl. and Fusarium 
coentlenm (Lib.) Sacc. Both cause the disease 
either singly or together. This investigation 
was undertaken to find out whether the cause of 
the disease in different crops mentioned above 
is the same in Sind. 

Material and methods 

Rot-affected roots of castor, .sunn-hemp, til 
(sesame) and guar were collected at different times 
from different places. Isolations from them were 
made at regular intervals. For isolation of the 
causal organisms (1) the mercuric chloride-sterile 
water, and (2) silver nitrate-sodium chloride 
methods were used. Numerous types of fungi 
were obtained in isolations from each crop. 
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Fungi like Pennidlium were not taken into 
consideration, and others were grouped together, 
to avoid handling a large number of isolates. 
The basis of grouping them together was the 
same as in the ease of cotton, i.e. discolouration 
of the medium, presence or absence of aerial 
mycelium and spore-bearing structures. 

Table 1 


Types of fungi isolated from different crops 


Tvimj 

No. 

.\erial 

mycelium 

Discolourution 
of medium 

Spore lieu ring 
structures 

1 

Whitish ftiifly 

Light brown 

None 

2 

Tinki-h 

l*ink . 

.None 

3 

None 

None 

.\hntidaiit scicrotl.i 

4 

Scanty whitish 

Dark l>rown 

Abundant sclert'>tia 

5 

Whlt^ 

Dark brown 

Abundant sclerotia 

0 

Dirty M’liltc 

Black. 

Abundant sclerotia 

7 

Buff . 

Brown 

Plnnotei present 


It was found that isolates No. 1 and No. 3 
appeared most frequently and that they were 
Fusarium and Rhizoctonia, respectively. Both 
of them were selected for carrying out further 
infection experiments. 

lNFE(iTlON TESTS 

Experiment I 

Inoculum was prepared in the usual way by 
growing cultures of Rhizoctonia isolated from 
each crop on soil and wheat flour. The seeds 
of various crops were sown in pots containing 
sterilized soil, and in between the two layers of 
inoculum, 12 s^^ds were sown in each pot. 

The seedlings emerged from the soil 10 days 
after sowing. Twenty-live days later wilting 
was observed. The experiment terminat^ed on 
20 June 1941 and the final figures are given 
in Table II. 


Table II 


Germination and rotting with isolates of Rhizoctonia from different crops 


Type of isolate 


Isolate from cotton 


Isolate from castor 


Isolate from siinn«hem|> 


Isolate from gear 


Isolate from til . 


eVops 


Total No. of 
seedlings 

No. of seedlings 
which rotted 

Germination 

percentage 

Rotting 

percentage 

Cotton 


31 

■ " ■ 1 

13 

64*5 

41-9 

('Jastor 


3;i 

18 

68-7 

040 

.Sunn-hemp 


40 

21 

83 3 

325 

Guar 


4.3 

26 

79/) 

60‘4 

Til . 


40 

27 

93-7 

60-0 

Cotton 


29 

16 

60-4 

00- 1 

Sunn -hemp 


27 

12 

66-2 

44-4 

Guar 


37 

10 

77 0 

270 

Castor 


30 


72-9 

54-2 

Til . 


39 

16 

81-2 

410 

Cotton 


32 

17 

666 ' 

53 1 

Castor 


41 

22 

80-4 

53-6 

Sunn -hemp 


36 

10 

750 

41-6 

Guar . 


36 

21 

72 9 

tlO-0 

Til . 



31 

79 0 

720 

Cotton 


29 

16 

i 

60-4 

.06* 1 

Castor 


29 

13 

60*4 

44-8 

Sunn -hemp 


31 

17 

64 0 

64-8 

O^iar 


33 

21 

68-7 

63-6 

Til . 


37 

10 

1 77 0 

40-5 

Cotton 


34 

13 

70-8 • 

382 

Castor 


37 

21 

770 

56*7 

Sunn -hemp 


32 

17 

66-6 

53- 1 

Guar 


35 

16 

72-9 

457 

Til . 


42 

22 

87-6 

52-3 
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Isolations were made from one of each series 
and the cultures so obtained were compared 
with cultures with which they were infected. 
Practically in all the cases they were found 
to be the same. Thus it is quite clear 
from Table II that rotting in case of all the 
crops is caused by Rhizoctania and the fungus 
isolated from the rotted roots is pathologically 
the same. The results obtained in this experi- 
ment were confirmed. 


Experiment H 

Similar experiment was carried out with Fusa- 
riurn isolated from the rotted roots of the 
above-mentioned crops. Inoculum was prepared 
in the usual way and pots were infected as^ de- 
scribed above. Twelve seeds were sown in each pot. 

The seeds germinated lO days after sowing 
and first wilting appeared 29 days after germina- 
tion. This experiment terminated on 25 Sep- 
tember 1941. The results of the experiment are 
given in Table III. 


Table III 

Germimitiot) ami rotting percentage with isolutes of Fusarium from the affected roots of varions crops 


Type* of iMointe 

I 

1 ( VopH 

Total No. of 

No. of seedlings 
which eventually 

1 Germination 

1 

1 

! Hotthig 


seedlings 

rotted 

1 pel cent age 

{ pen*entag< 

Isolate from cotton 

i 

1 

Cotton 

25 

! 

1 " 

1 

! 52 0 

28-0 


(’as tor 

. ! 23 

1 s 

47-!» 

! 34-7 


Sunn-hemp 

. i 27 

i 0 

i 5re2 

1 33-3 


Guar 

. ; 30 

1 1 ^ 

02-5 

500 


Til , 

. 1 4 r> 

1 

j 

93-7 

55-2 

Isolate from castor 

Cotton 

. ! 23 

0 

47-9 

20 0 


Caitor 

29 

** 

00-4 

37 9 


Sunn -hemp 

35 

! 13 

72 9 

37- 1 


(Hunr 

. ; 32 

I 12 

() 0 () 

37-5 


Til . 

. 1 40 

1 


95*8 

43-4 

Isolate from sunn -hemp 

Cotton 

. ! 34 

! S 

500 

33 3 

Castor 

17 

5 

35-4 

1 29-4 


Sunn -hemp 

40 

I 15 

833 , 

j 37-5 


Guar 

30 


62*5 1 

500 


Til . 

40 

1 15 ! 

1 1 

83-3 

37o 

Isolate from guar . i 

(.’otton 

. 20 

! 

410 i 

250 

Castor 

. i 20 1 

1 0 

54- 1 

230 


Sunn-hemp 

. ! 30 ; 

: 10 ! 

02-5 

.33-3 


Guar 

. i 20 

6 

54-1 

230 


Til . 

. ! 39 

25 

81-2 

04 1 

Isolate from til . 

Cotton 

. ! 19 

4 

39-5 

210 


(’astor 

. j 29 ! 

9 

000 

310 


Sunn -hemp 

. ! 20 ; 

h j 

41-0 

300 


Ovar 


♦11 

750 

30-5 


Til . 

■! i 

10 1 

1 

89-5 j 

37-2 

Isolations were made from each 

one of the Morphology ok the ROOT-Rf)TTiNG fitngi 


series and the cultures so obtained were compared 
with the cultures with which they were infected. 
In all cases they were found to be the same. The 
results obtained in ’the above experiment show 
tjpit Fusarium isolated from the above-mentioned 
crops is also capable of causing root-rot in case 
of all the crops. This shows that Fusaria isolat- 
ed from different crops are pathologically similar. 


Various types of Rhizoctonia isolated from 
different crops were grown ^along with a known 
culture of Rhizoctonia bataticola (Taub.) Butl. 
obtained from the Imperial Mycologist, Imperial 
Agricultural Research Institute, New Delhi, on 
potato dextrose agar and oatmeal agar. Measure- 
ments of sclerotia and breadth of mycelium were 
taken. In all the cases, measurermmts of the 
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breadth of mycelium and sclerotia were found 
to be the same. Diameters of sclerotia were 
found to range between 60-120|x. 

These isolates never formed pycnidia although 
they were grown in several other media and media 
with varying pH. Morphologically these isolates 
resembled Rhizoctonia bataticola (Taub.) Biitl. 
in all respects and therefore they have been given 
that name. 

The Fusaria isolated from the affected roots 
of the above-mentioned crops were grown on 
Wollenweber’s [192»5J standard media for 
F Hsariuni- 

Colours of the mycelium were noted after 
14 days growtli. Measurements of 200 spores 
in eaeli case were taken on 2 p(‘r cent potato 
dextrose agar. Aerial mycelimn was present 
in all cases. Bluish green sporodochia were 
also present while sclerotia were absent. 
Only in case of isolate from ///, then' was a con- 
centration of spores on the surface of tin* medium, 
resembling a pionnote. Terminal chlamydo- 
spores were produced in abundance by each 
isolate on practically every medium while the 
inter-cafary chlarnydospores were mostly pro- 
duced on potato cylinder or steamed rice. The 
length and breadth of micro- and macro-conidia 
were found to be the satne in all cases and were 
found to vary in the following range : 


0 — Septate 

1 — Septate 

2 — Septate 

3 — Septate 


. (H-15) (3-6)g 

. (U— 20) (3— 6)g 

. (13—33) (3— 7)|jl 
. (25—40) (3— 7)|x 


Discitssion 

The isolations carried out in this study have 
shown that root-rot in cotton and certain other 
crops is caused by a species of Rhizoctonia and 
Fusaritmi. It has already been reported by 
Prasad [1944J that Fasarinm coeruleurn (Lib.) 
Sacc. is assotuated with root-rot of cotton in Sind. 
On careful comparison of the cultures of all the 
Fusaria isolated from the above-mentioned crops, 
it has been definitely established that they belong 
to the species of Fusarium coeruleum (Lib.) 
Sacc. A similar study of RJiizocUmia sp. isolated 
from the affected roots has indicated that it 
belongs to Rhizoctovia hatatirula (Taub.) Butl. 

Summary 

Isolations carried out from the rot-affc(*t(‘<\ 
roots of cotton, castor, sunn-hemp, guar and tH 
yielded cultures of Rhizoatoaia and Ffisan’um. 
Both of tlu'sc* fungi were found to be parasitic 
and further isolates of (‘ach one of them M’rom 
different crops were found to be morphologically 
and pathologically similar. They were identified 
as Rhizoctonia hataticohi (Taub.) Butl. and 
Fusarium cocrul^utn (Lib.) Sacc. 
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ItniZGCTONIA KOOT-EOT OF PAN (PIPER BETLE) JN RELATION TO 

MANURING 

Ry S. CiiowDHURV, Plant Patliological Laboratory, Syllict, Assam 
(Received for publication on 17 June 1944) 


Hoot-rot of pan (Piper betle Linn.) due to 
Rhizoctonia solani Kuhn is very serious in Assam 
and causes heavy damage to the crop wherever 
it occurs. Mustard oilcake is the only manure 
used for pan. It is ground^ very fine, spread 
along the ridges and then covered with a very 
thin dressing of soil. During the first year of 
planting oilcake is applied at the rate of 12 md. 
per acre and during the subsequent years it is 
applied at the rate of 36 md. per acre. Manur- 


ing is done during the rains, once a month com- 
mencing from May and ending in September 
or October. Equal quantities of manures are 
applied at each application. In all, usually five 
or six applications are made duiing a year. 

Oilcake is an organic manure and it was pre- 
sumed that it might serve as a nutrient medium 
for the growth of Rhizoctonia and might influence 
the root-rot disease of pan and that the virulence 
of the disease might be checked or minimized 
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by replacing oilcakes by fertilizers. Had this 
been possible it might have been possible to 
control the disease to a certain extent by this 
indirect method. 

In ord(‘r to tost the trntli of this assumption 
and the possibility of checking completely or 
partly the disease by manuring the plants with 
fertilizers an experiment was carried out. The 
results of this experiment are recorded in this 
p«aper. 

Materials and methods 

The experiment was laid out in a horoj land 
where all the plants have died of Rhizoctonin 
root-rot. The land wtis given an additional dose 
of infective material by incorporating with the 
soil cultures of Rhizoctonin solan i Kuhn grown 
on sterilized paddy straw. The entire plot was 
divided into .six blocks and each block into five 
plots^ of equal size. The randomized block 
system of layout was followed. Each plot was 
45 ft. Xl2 ft. There were 30 rows in each 
plot and 10 pan setts were planted on each row. 
Planting was done on 15 September 1940 and 
only healthy setts were planed. 

The first manuring was done during the first 
week of May, 1941 and the subsequent manur- 
ings during the months June, July, August, 
September and October, 1941. 

During the second year manuring was com- 
menced in April and ended in September, 1942. 
Six applications were made, one application in 
each of the months April, May, June, July, 
August and September. 

In every case the manuring was done the same 
day and at the same time. The method of 
application was also the same. The oilcake was 
ground very fine, then spread along the ridges 
and afterwards covered with a thin layer of fine 
earth. The fertilizers, on the other hand, were 
mixed with an equal quantity of fine earth, 
thoroughly mixed together and then applied 
along the ridges just like oilcake and then <‘overed 
with a thin layer of soil. 

1'he treatments were as follows : 

A. Mustard oilcule. Applied at the rat«e of 
984 lb. per acre during the first year/ 1941, and 
at the rate of 2952 lb. during the second year, 
1942. Samples of the oilcake applied were 
analysed and found to contain on an average 
5*1 per cent nitrogen, 3*13 per cent phosphoric 
acid and 1*35 per cent of potash. 
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B. Sodium nitrate. Applied at the rate of 
321 lb. per acre during the first year, 1941, and 
at the rate of 963 lb. during the second year, 
1942. The samples were found to contain on 
an average 15*6 per cent of nitrogen. 

C. Amnmiium sulphate. Applied at the rate 
of 242 11). per acre during the first year, 1941, 
and at the rate of 720 lb. per acre during the 
second year, 1942. The samples were found to 
contain on an average 21*0 per cent nitrogen. 

D. Mixture of sodium nitrate, superphosphate 
and potassium sulphate. A mixture containing 
321 lb. of sodium nitrate, 200 lb. of superphosphate 
and 25 lb. of potassium sulphate was applied per 
acre during the first year, 1941, and a mixture 
containing 903 lb. of sodium nitrate, 000 lb. of 
superphosphate and 75 lb. of potassium sulphate 
during the second year, 1942. Superphosphate 
was found to contain 10 per cent of phosphoric 
acid and potassium sulphate 48 per cent of potasji. 

K. Mixiure of ammonium sulphate., super- 
phosphate and potassium, sulphate. A mixture 
containing 242 lb. of ammonium sulphate, 200 lb. 
of superphosphate and 25 lb. of potassium 
sulphate was applied per acre during the first 
year, 1941 and a mixture containing 726 lb. of 
ammonium sulphate, 600 lb. of superphosphate 
and 75 lb. of potassium sulphate during the 
second year, 1942. The percentages of phos- 
phoric* acid and potash were* the same in super- 
phosphate and potassium sulphate respectively 
as in D. 

Experimental results 

.After manuring the number of deaths occur- 
ring in each of the plots was noted and are recorded 
in Tables T and H for the years 1941 and 1942. 
The dead plants were collected and examined ; 
it was found that in all cases the deaths occurred 
due to the attack of the parasite Rhizoctonin 
solani Kuhn. 

It will be observed from the data presented in 
Tivbles 1 and II that the percentage of death is 
practi(^ally the same for all the treatments, there 
being no significuint difference. As regards the 
yield of leaves it will be noted that it is slightly 
more in the oih'.ake- treated plots during both 
the years than in the plots treated with the 
fertilizers. 

As to the general growth of the plants due to 
manuring it was found that the effects of the 
artificials were earlier visible on the plants than 
oilcake but in the long run no difterence could 
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be noticed between the plants given different 
treatments ; the height of the plants, the size 
and colour of the leaves and the general vigour 
of the plants were indistinguishable. But during 
the cold weather and early part of the dry season 
(November- April) it was found that the oilcake-, 
treated plants were* in a better state of liealtli 
and thriftiness than those receiving the artificials. 
This is probably due to the fact that oilcake 
increases the organic matter and humus content 
of the soil and thus helps the conservation of 
moisture. Further, the plant food materials 


contained in oilcake become gradually and slowly 
available to the plants ; thus its effects are more 
lasting than the effects of the artificials. Another 
distinct advantage of oilcake over artificials 
was also noticed ; it was found that in a region 
of heavy rainfall like Assam the chances of the 
manure getting washed away by the heavy show- 
ers is more with respecd. to the artificials than 
with oilcake. 

The same experiments were repeated during 
the years 1942 and 1943 and results exactly 
similar to those cited above were obtained. 


Table 1 


Effect of inamimuj on the incidence of Rhizoctonia root-col of pan {1941) 



Pounds of fertIlizinK 





.\veraRe 

Yiehl 

A verage 


inKredientrt applied 

per acre 


Total niiml>er 

Numlker nf 

Percent agH 

peTct-nt-age 

yield of 

Treat.meivtd 


BepII<-Mtion 

of setts 

dentils diirinit 

of 

of death 

of 

leaves 




planted 

the yenr 

death 

for the 

leaves 

for the 




K,0 



tre.-itnient 


treatment 





1 

300 

*^o 

17-3 


ll 004 








• 









2 

:m 

02 

20-0 


11,424 


A 

50-18 

30-8 

13 28 

3 

300 

50 

18-0 

10 4 

11,712 

11,600 





4 

300 

72 

210 


10,044 






5 

300 

40 

10-3 


12,048 

• 






0 

300 

50 

19-0 


11,568 






1 

300 

01 

20-3 


9,700 






2 

300 

52 

17 3 


10,168 


B 

50-70 



3 

300 

70 

23 3 

19 30 

9,200 

0,852-8 





4 

300 

52 

17 3 


10,024 






»*» 

300 

5 4 

18-0 


10,086 






0 

300 

00 

20-3 


9,840 






1 

300 

58 

10-3 


0,922 






2 

300 

02 

20-0 


0,758 


C 

ftO‘82 



3 

300 

50 

10-0 

10-08 

l0,2.->0 

9,873-6 




i i 

4 

300 

m 

23-0 


0.471 


i 

• 



5 

300 

50 

18-0 


10,004 






0 

300 i 

00 

20-0 


0.837 






1 

300 ' 

51 

17-0 


10,207 






«■> 

:M)0 

50 

10-6 


9,881 


I) 

50-70 

32-0 

12-0 

3 

300 

48 

16-0 

10-53 

10,323 

0.805- 1 





4 

34K) 

00 

23-0 


9.476 






5 

300 

57 

lO-o 


0.963 






0 

300 

68 

22-6 


9,521 






1 

300 

6t 

20-3 


0.780 






2 

300 

f.2 

17-3 


10,137 


E 

50-82 

32«0 

12-0 

3 

300 

47 

16-6 

10-51 

10,376 

0,845-8 





4 

300 

60 

23*0 


0,482 






5 

300 

53 

17-6 


10,032 






0 

300 

70 

23-3 


9,210 
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Table II 

Effect of nianurhiy ov the incidence of Kbizoctoiiia root-rot of pan {1942) 


Treatments 

PoudiIh of fertilUini; 
ingredients applied per acre 




K,0 


150-55 

1)2-4 

, - -r -- 

3U-85 

j 

“ i 

1 

152-28 



(• 

1 

1 

i 15-2-46 ! 




llupUuation 


152-28 


1 j2-4« 


of setts 
plant etl 


248 

2:18 

244 
228 
251 

241 
230 
248 

230 

245 
2U» 
240 

242 
238 
250 

231 
211 
240 

240 

241 



r Number of 
deaths during 
the year 

Percentage 

of 

dcatli 

Average 
percentage 
of deatli 
for the 
treatiuent 

Yield 

of 

leaves 

39 

15-7 


15,049 

31 

13-02 


14,894 

31) 

15 9 

15-08 

14,742 

29 

12 7 


14,297 

42 

16 7 


15,046 

40 

16-5 • 


14,469 

28 

11-7 


14,769 

41 

10 5 


14,496 

37 

10 07 

1 5 20 

13,497 

39 

15 7 


^1 4,029 

42 

17 07 


^ 14, ‘270 

35 

1 1 5 


14.329 

i - 

10-9 


14,069 

1 30 

12-0 


1 4,559 

1 38 

15-2 

15 31 

14,829 

1 30 

15-5 


14,252 

39 

1 5-9 


14,349 

38 

15 8 


14,138 

_ , 

1 '' 

18 8 

j 

14,1 59 

1 30 

1 1 0 


' 14.349 

1 i 

, .U j 

17 0»> 

15 85 

14,029 

i 29 

12 5 


14,132 

1 41 

16-8 


14,245 

i 35 

1 

15-08 


13,792 


17-i 


13,858 

39 

r>-7 


14,598 

40 

18-1 

15-80 

13,927 

32 

13-8 

1 

14,399 

40 

10-2 


14,470 

31 

1 3-9 


14,931 


Average 
yield of 
leaves 
for tlie 
treatment 


14,740-5 


1 4,335 2 


14,3(10 0 


14,314 3 


1 1. 364-8 


rON(’LU8ION.S AND SUMMARY 

As a result of the experiments conducted with 
different manures it was found that the percent- 
age of death of pan plants- due to the attack of 
Rkizoctonia solani Kuhn is not influenced by 
the nature of the fertilizing material. The per- 
centage of death has been found practically the 
same in the plots receiving oilcake, sodium nitrate, 
ammonium sulphate singly or sodium nitrate or 
ammonium sulphate in combinations with super- 


phosphate and potassium sulphate. The yield 
of leaves, however, lias been found slightly more 
in the oilcake tn'ated plots. 
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A J.EAF SPOT OF CABICA PAPAYA L. CAUSED BY A NEW SPECIES OF 

PHYLLOSTICTA 

ByS. Chowdhury, Plant Pathological Laboratory, Sylhet, Assam 

(Received for publication on 29 June 1941) 

(With Plate XII and one text-figure) 


At Hafloiig (Assam) and its vicinity in the North 
Cachar Hills papaya (Carica papaya L.) is grown 
extensively by the hill people. The plants are 
raised on the hill slopes and once established 
they receive practically no care. 

In 1940, a very serious leaf spot due to a species 
of Phyllosticta was first noticed in these planta- 
tions. The disease has been observed ever since 
and causes considerable annual damage. It is 
as a rule prevalent in the months of September 
to January after wliich it is practically absent. 
The disease lias not so far been observed in any 
other part of Assam. 

Symptoms of the disease 

Tlic spots are restricted entirely to the leaves, 
and vary considerably in siz(‘ ; some are small 
and roundish, beiiig a millimeter in length and a 
millimeter or three-fourths of a millimeter in 
breadtii ; others are irregular, oval or elongated 
having a size .‘M5 mm. in length and 2-11 
mm. in breadth. The spots are almost 

white in the centre and often bounded by a 
yellowish or brownish margin which gradually 
merges into the normal green of the leaf. The 
central portion of the spots is thin and papery 
and ultimately becomes brittle and falls out, 
giving a shot-hole appearance. In this portion 
are seen a number of minute dark brown to black 
pyciiidia. The spots are usually isolated but 
may become confluent, forming big patches. 
Sometimes a large number of spots develop on 
the leaf, which then turns brown, dries up and 
is shed. Plate XII shows the symptoms of the 
disease. 

Morphology of the parasite on the host 

Pycnidia. The pycnidia (Fig. 1, a) are formed 
on the dead portions of the leaf spots, on the 
upper surface. They are at first sub-epidermal 
but later become erurnpent. They are globose 
to sub-globose, usually with distinct ostioles, 
dark brown to black and measure 80-116 x 
60-95 (JL. 


In sections the pycnidial wall is thin below, 
consisting of one or two layers of dark coloured 
stroma, but is m uch thicker at the top ; after 
the formation of the ostiole the thickened Wall 
persists around the short neck. Next to the 
wall within are the narrow sporogenous layers 
of hyaline parenchyma cells bearing the coni- 
diophores. 





Fig. 1. — ; Section through a pycnidiuni ; 

6 : PycnosporcB 

P yaws pores. The pycnospores are liberated 
through the ostiole in a mucilaginous mass. They 
are hyaline to sub-hyaline, straight to rarely 
slightly curved, rounded at both ends. They 
range from 5-10 g in length and 2*5-3 [jl in 
width. 

Covidiophores. The conidiophores arise from 
a hyaline sporogenous layer of cells which is 
supported by a colourless pseudoparenchymatous 
sheath lining the dark wall of the pycnidium. 
The sporogenous layer is composed of very small 
and narrow cells from which the conidiophores 
arise. The conidiophores are simple and uni- 
cellular. 

Mycelivm. The mycelium permeates the 
entire area of the leaf spot and even extends 
slightly to the surrounding area. The hyphae 
are both inter- and intra-cellular and septate 
and branch irregularly. 

Isolation and inoculation experiments 

Isolation. The fimgus was readily brought 
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into culture by transferring surface sterilized 
bitvS of affected portions of leaves to oat agar 
plates. A large number of isolations were made, 
all of which yielded the same fungus. 

Inoculdtion experi menls, I noculation experi- 
ments were carrietl out on papaya plants both 
in the laboratory and in the fields. For con- 
ducting the inoculation experiments in thq 
laboratory plants were raised in pots and then 
subjected to infection. Two methods were fol- 
lowed : spore suspension in sterile water was 
sprayed on the leaves, or a culture containing 
the mycelium and crushed pycnidia was placed 
on unwounded surfaces of the leaves. All the 
plants after inoculation were kept closed in a 
glass liouse, which was kept moist by occasional 
spraying with sterile water. After 24 to 48 hours 
the plants were removed from the glass house 
and kept in the open. They were occasionally 
sprayed with sterile water. 

FifU'-two plants were treated in this way. 
All the plants took infection. When cultures 
containing mycelium and crushed pycnidia were 
used as inocula the signs of infection were visible 
in 4 to 6 days ; in case of spore suspensions the 
symptoms were apparent after 12 to 17 days. 
The inocula were placed both on the upper and 
the lower surfaces of the leaves hut infections 
were successful only when the inocula were 
placed on the upper surface. All tlie controls 
remained healthy. 

In the field, infection experiments were (‘.arried 
out by means of bits of culture containing my<;e- 
lium and crushed pycnidia of the fungus. Leaves 
of the plants were first sprayed with sterile water 
and then the ino(;uIa were placed at selecto<l 
places on the upper surfaces of the leaves by a 
sterile needle. Tlie inocula were thereafter cover- 
ed with small pieces of sterile absorbent cotton 
imule wet by dipping in sterile water. The 
inoculated leaves were sprayed with sterile water 
from time to time in order to keep the inoculated 
places moist. Aft^r four to six days, infection 
became visible. In all 217 inoculations were 
made on a number of plants in the different 
plantations at Ilaflong and Jatinga in the North 
Cachar Hills and 97 per cent of the 
inoculations were successful. Plants that were 
left uninoculated but otherwise given the same 
treatments and were standing in close proximity 
to those inoculated remained healthy. 

All these experiments prove l^eyond doubt 
that the fungus is an active parasite. 


From all the infected plants the original fungus 
was reisolated in every case. 

Growth in culture 

The fungus was grown on oat agar and on 
jHtjHiya leaf juice agar. Mycelial growth was 
good on both the media. Aerial growth was 
scanty, much of it was submerged and of a 
spreading nature. Pycnidial formation was more 
abundant on papaya leaf juice agar than on oat 
agar. 

The mycelium in both the media consisted of 
septat>e, pale green hyphae which branch ir- 
regularly. The mode of branching, the irregular 
form, size and the bulging of the cell walls are 
very characteristic. The young hypliae are 
long, slender ; septa are rare and the walls are 
not constricted. Anastomosis is frequent along 
the walls. 

In the old hyphae the cells are short ami thick 
and occupied by large globules of a greenish 
‘colour ; septation is frequent and the walls are 
prominently (constricted at the septa and at the 
bases of the short, stout branches that arise at 
irregular angles. 

In culture the pycnidial formation starts on 
the 5th or Gtii day. The pycnidia are light brown 
at first but with age the colour deepens and finally 
they turn dark brown to ahnost black. They 
are slightly bigger than those formed in nature 
measuring 90-127x67-107 [i. Each pycnidium 
has an ostiole and a short imek. Some are 
spherical but in the majority of cases they are 
sub-globose. 

The pycnospores are formed in abundance 
within the pycnidia. They are liberated from 
the pycnidia through tlie ostiole in a mucilaginous 
mass. They are hyaline to sub-hyaline, straight 
to rarely slightly curved and rounded at both 
ends. They measure from 5 to 10 [x in length 
and 2*5 to 3 g. in widtli. 

lOENTlKlCATKjN OF THE FARASITE / 

On g(ung Ihrough the relevant literature it 
Avas found that two species of Phyllosticta have 
been n'.cordcd on Carica papaya. They are 
Phyllosticta Papayae Sacc. and P. (ktricae-Papayae 
Allesch. The reported spore measurement data 
of these two fungi along with that of Phylloslicta 
sp. from North Cachar Hills are recorded in 
Tabic I. 
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Table 1 

Comparative spore measwremenis of species of 
Phyllosticta occurring on Carica papaya 


Fungus 

Dimensions 
of spores 

Colour of B|)orc8 

PhyUoslida Papayae . 

2*5— 3*5x1 [X 

Hyalino 

F. CaricaePapayae 

3*0— 4*0 X 1 (X 

Hyaline 

Phyllosticta from North 
Caohar Hills 

6*0. 10*0 x2*6.3lJi 

Hyaline to sub- 
hyaline 


It is evident from the comparative spore 
measurement data presented above that the 
spore measurements of Phyllosticta from North 
Cachar Hills take it outside any probable varia- 
tion of Phyllosticta Papayae and P. Caricac- 
Papayae, 

A few diseased papaya leaves were sent to 
Mr E. W. Mason, Imperial Mycological Institute, 
Kew, Surrey, England, for help in the identifica- 
tion of the parasite. He wrote ‘ I cannot find . 
that it has been described under any name in 
our systematic lists’. The fungus is therefore, 
considered a species new to science for which 
the name Phyllosticta sulata is proposed. 
Phyllosticta sulata Chowdhury Sp. Nov. 

Pycnidia first sub-epidermal, later becoming 
erumpent, globose to sub-globose, dark brown 
to black, 80-115x60-95 (x, usually with distinct 
ostioles. Pycnospores unicellular, hyaline to sub- 
hyaline, straight to rarely sliglitly curved, round- 
ed at both ends, measuring 5-10x2*5-5 (x. 

Parasitic on tin* leavers of Carica, papaya L. 
Haflong, Assam, 7 Novamiber 1940. C'ollected 
by S. Chowdhury. 

Type specimen deposited in the Herb. Crypt, 
Ind. Orient., Imperial Agricultural Research Insti- 
tute, New Delhi. 

Pycnidiis prinio sub-epid(*rinalis, tunc (‘rum 
pentis, globosis vel sub-globosis, atro-brunneis vel 
nigris, 80-115x60-95 (x, pleruinque distincte 
osteolatis. Pycnosporidiis unicellularis, hyalinis 
vel sub-hyalinis, rc^ctis vel sub-curvatis, basis et 
apicis rotundatis, 5-10x2*5-5 (x. 

Parasiticis in foliis Caricac papayae L., llallojig, 
Assam, 7''Noveml)er 1910. S. Cliowdhurv leg. 

T^us in Herb. Crypt. Uid. Orient., Imperial 
Agricultural Research Institiltc, New Delhi. 

Perpetuation and dissemination of the 

PARASITE 

Intensive studies to dctcxTiiinc the mode of 
perpetuation and dissemination of the parasite 


have not been undertaken. Limited studies 
and circumstantial evidence, however, have 
demonstrated that the parasite lives over on 
infected plant debris in the soil. 

In January 1941 pieces of naturally inf(M 3 ted 
leaves wore wrapped in tissue paper and carried 
through the rest* of the winter and the summer 
montlis under the following conditions : 

(i) Hung on the tree in the open. 

(ii) Placed on the surface of the ground. 

Isolations were made from these materials in 

August and September 1942 and the fungus w'as 
recovered in every instance. Inoculation experi- 
ments were carried out by using these isolations 
as inocula and in 92 per cent cases the infections 
were successful. 

In the papaya plantations in the North ( ^acliar 
Hills, where plants are grown on hill slopes, 
sanitary methods of cultivation arc not at all 
folio wthI. Fallon leaves of papaya plants are 
allowe^l to remain and rot in the ground. In 
every plantation one comes acn^ss piles of fallen 
leaves lying about. From tliesc piles a large 
number of isolations were made during the 
years 1941 and 1942, beginning from February 
and ending in September. In all cases the fungus 
w’as recovered. It can thus safely be concluded 
that the parasite perpetuates in the plant debris 
in the plantations. 

Careful observations indicate that tli(‘ parasite 
is di.sseminated through the agency of wdnd. 
The disease lias been fouitr^to appear every year 
during the later part of September. During 
this time tb(?re is scanty rainfall but th(‘n‘ is an 
excessive fall of dew% wdiich helps the pycnidia 
to burst, li1)erating the pycnospores and allowing 
them to germinate. 

Control and prevention 

iM'om these studies it wull be evident that the 
disease (*an be controlled by systematic collec- 
tion and destruction by burning of the affected 
leaves that lie on the ground and serve as a 
source of inoculum. 

Preventive metluxls have been carricid out 
with su»M evi,s. Ill live plantations 20 to 25 plants 
in each of the plantations were carefully sprayed 
Svith one per cent Bordeaux mixture during the 
latter part of August, 1941 ; they w'cre given a 
second spraying on 15 September, a thirci spray- 
ing on 15 October and a fourth on 15 November. 
Spraying was done carefully so that the surfaces 
of sprayed leaves were Uniformly and thoruu^dily 
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cpvered with the spray fluid. It was found tliat 
the sprayed plants were either absolutely free 
from infection or there were fewer spots on them 
in comparison with unsprayed control plants in 
close proxutnty. The spray trials conducted 
in 1942 have furthtT brought out the fact that 
three sprayings, (latter part of xVugust, 15 Sep- 
tember and 15 October), if carefully and thorough- 
ly done, are sufficient for keeping the disease in 
check. But if perchance there is a heavy shower 
immediately after giving a spray it becomes 
necessary to give the plants an additional spray 
immediately after the rain. 

Above all it has been found that unless (‘fforts 
are made to destroy the source of infection by 
the systematic collection and d(*struction of the 
affected leaves and burning them, it is not easy 
to keep the disease under control and to (heck 
or minimize the loss it causes. 

Summary 

A leaf spot of Carica papaya L.. due to a 
species of Phjllohticta , has been found to occur 
at Haflong in the North Cachar Hills. 

Symptoms of the disease are describixl. The 
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fungus has been isolated and inoculation experi- 
ments carried out. It has been found that the 
fungus is a Virulent parasite. 

The fungus has been studied both in culture 
and on the host and found to be a species new 
to science, wdiicli is given the name Phyllosticta 
aulata. 

The parasite survives in the affected leaves 
lying in the plantations and is disseminated by 
wind. 

It can be controlled by systematic collection 
and destruction of the affected leaves and pre- 
vented by spraying the plants wuth one per cent 
Bordeaux mixture. 
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(ompakativp: studies of some Indian ploughs with 

DYNAMOMETER 

By l^S. Kao, linoeiial Agricultural Research Institute, Nc^w Delhi 

(Koceived for fniblioation on 3 January 1944) 

(With thirty-six text- figures) 


Inthcjouction 

As the main operation of stirring or loosening of 
the soil in agricultural fields for sowing purposes 
can l)est be done with plough only, the plough has 
become an indispensable implement for tin* agri- 
culturist. Recorded history does not give the 
origin or the exact date of its (H)ming into exist- 
ence. How’(‘ver. it appears to have existed in the 
eastern countries as early as 2500 B. C. In 
Ramayana its name is mentioned as Nayali and in 
Mahabharata as Hala, which terms are still in use 
in many parts of India. When the idea of 
agriculture and cultivation entered the mind of 
man, he tried to prepare seed beds wdth the help of 
crow-bars and by beating the bulky clods into 
powder with hammers and axes. This practice 
of beating the clods appears to have existed in 
England even in the Saxon period. As man progres- 


sed. his needs for agricultural produce multiplied,, 
he began to makt' attempts to improve upon the 
primitive devices of seed-bed preparation and 
succeeded in evolving a plougli based on lev(*T 
principle. From literature' it appears that 
the earliest plough was an irregularly bent branch 
of a tree. Later on, with the advance of science 
and civilization, people realized that the economic 
prosperity of a country depends to a considerable 
extent on the increasc'd output of the agricultural 
products. With such an end in view every country 
took up the problem of improving the plough by 
applying scientific principles to suit its local con- 
ditions and the power available for work. In 
Europe and America extensive efforts have been 
made to improve the plough from the draught as 
well as the efficiency point of vicw\ With the 
harnessing of mechanical power to agriculture 
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various atti*inpts have been made to iruprove the 
plough by modifying shares, by inserting mould- 
boards and finally manufacturing them with iron. 
The discovery of high grade steel has made possible 
further improvement in the shape of shares. Based 
on similar principles a number of implements have 
been designed, including single and multifurrow 
ploughs. But in India, Egypt and other Asiatic 
countries little progress in the improvement of 
plough has been made. Some improvement can, 
nevertheless, be said to have been ’made because 
they are now made in three parts and assembled 
together instead of a single piece of the primitive 
type. The strength has been increased to work in 
all types of soils and at greater dejrths. A share, 
i.e. an iron rod, is also used to protect the penetrat- 
ing end of the wedge from wear and tear and also 
to ensure deeper cutting. But no experimental 
records exist to sliow the proc(‘sscs ( f (‘volution t-o 
the present models. We find that diner(*iit pro- 
vinces in India, and even dineicid f)lac(\s in the 
same province, have different types of ploughs, 
some differing in weight, souk* in size* of the wedge, 
some in length and sonu‘ in shape. 

It will thus be seen that the plough, the universal 
cultivating implement, was first roughly made out 
of a branch of a tree, them by tin' enub' carpenter 
of the early times, and now it is manufaetured by 
trained engineers with all the modern appliances 
and scientific resources of civilization. 

Litkkatuke 

In foreign countries a systematic study on the 
shape of plouglis has been made with the help of 
mechanics and mathematics. Draught measure- 
ments W(‘re recorded by dynamometer as earlv as 
1840 by Busely [White, 1918]. The annual report 
of the New York State Agricultural S(n*i<‘ty for 
1867 [White, 1918] contains a treatise on the 
geometrical construction of the surfaces of many 
historical plough bottoms, but no attempts have 
been made to classify these surfaces on the basis 
of their mathematical forms. White [1918] has 
evolved mathematical equations regarding the 
shape of mould boards and has also given methods 
for generating suitable mould board surfaces for 
different soils. In 1920-23, Davies [1924] investi- 
gated the relation between (i) draught and depth 
(h) draught and width of tlie furrows, and showed 
tliat a linear relation exists between them. Keen 
and Haims [1925] carried out some work at Ko- 
thamstod and established a hyperbolic relationship 
between moisture percentageanddraught. Nichols 


[1930 ; 1931] studied the various soil constants 
which would indicate the physical factors affecting 
tillage and was led to the conclusion that a dehnite 
relation exists between friction value, shear resis- 
tance to compression and the Atterberg cojisis- 
tency constants. He also mentioned that the 
general reaction of the soil to an implement was a 
function of the physical properties indicated by the 
Atterberg constants and could be predicted for any 
moisture content. In further dynamic studies of 
the soil, he established a relationship between fric- 
tion and hardness of metal of the plough w(*dge or 
share and the colloidal contents of the soil. Ac- 
cording to him when the colloidal content exceeds 
32 per cent, the friction increases slightly and is 
considered to be the limit for that factor. He 
found that the polish also affects the frictional 
valiK' in heavy soils but as no measure of the polish 
was available no mathematical formula for its 
effect was obtained. 

In Egypt, ploughing is done by wooden ploughs 
n'sembHng mu<;h the Indian ploughs, except that 
the share is spoon-shaped, as it has to work in soft 
soils. When the members of the Royal Commis- 
sion on Agriculture in India [Middleton, Calvert 
and Gangulee, 1928] were touring Egypt they were 
informed that attention had been given to the 
possibility of improving the local plough but could 
not be done at the price at which the competing 
implements w'ould have to be sold in Egypt. 

In India, Cl\arley did some work in Madras 
mostly on foreign ploughs, but the data and nu*- 
thods followed in conducting these experiments 
are not available. Godbole [1913] designed a new 
plough and compared it with the existing Deccan 
plough by finding the average resistance recpiired 
to open unit area of the cross-section of the furrow 
with tin* lielp of a spring balance dynamometer 
having a pointer moving on a calibrat'd circular 
dial. He lias mentioned that the centre of gravity 
of the plough should be very near the point where 
the beam is fixed to the body. Clouston 1 1906], 
after making comparative studies of foreign and 
Indian agricultural implements, expressed the view 
that the manufacturers of foreign ploughs have not 
considered the Indian agriculturists’ point of view. 
He modified the foreign ploughs to suit Indian 
conditions by introducing a wooden beam in place 
of chain and iron beam and finally was of the 
opinion that the Swedish plough wdth the above 
modifications gave satisfactory performance. 

However, he did not give any data to substanti- 
ate his conclusions. Henderson [1909] designed a 
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wooden plough based mainly on experience. This 
plough works satisfactorily on irrigated tracts of 
Sind. On the basis of theoretical arguments Miller 
Brownlie [1922] was of the opinion that a plough 
having the line of draw-bar-pull coinciding with 
that of the resultant of the forces due to the soil on 
the plough, will work efticlently even if tin' ])lnugh- 
man is not very attentive. Mayadas and He.usraj 
[1931] carried out some tests to judge the eirieiency 
of some improved ploughs by finding the average 
resistance per unit area of the eross-S(H li(>u of 
furrow and horse power required to work t])eni. 
In these experiments they used sprii'ig-hjihuH'e- 
dynamometer similar to the one used by God bole. 
They also worked them over ecpial areas and com- 
pared the nature of tilth and the time taken by 
them. Mason Vaiigh, Agricultural Engliu'C'r at 
Naini Institute, Allahabad, did some v/ork on 
ploughs but he has concentrated his attention on 
iron ploughs only. He has designed a plough with 
four adjustments which can be used for four differ- 
ent operations with slight adjustment of the ])arts. 
Cliff [1927], while designing a cultivat(»r, studied 
the relative merits of all the implements that 
would be useful on an agricultural farm. He 
found that the Indian idoughs leave (A -shaped) 
ridges between furrows untouched and if the 
stirring was to be done at a uniform depth througli- 
out the field, a number of cross-ploughings were 
required and this would take more time. In his 
view all foreign designs wxre unsuitable to Indian 
condition and a suitable design would find a good 
market in India irrespective of its cost. However, 
he did not attempt to design a new plough as his 
efforts were concentrated on his cultivator. Some 
dynamometer tests on agricultural implements 
were conducted at Pusa (Bihar), but most of these 
tests were restricted to the utility of tractors and 
foreign implements for Pusa conditions. 

Objects and methods 

From the brief review of literature given above 
it will be seen that much w'ork has not been done 
in India on desi ploughs used in different parts of 
India. With the object of making a comparative 
study, a number of desi ploughs were collected at 
Delhi from different parts of India and attempts 
are made in this paper to classify them from (i) 
constructional, (ii) soil, (iii) climatic, {iv) crop, (v) 
depth and width of furrow, and [m) draw-bar-pull 
points of view. 

Before classifying the ploughs, we will first give 
brief description of all the ploughs used in these 
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experiments. The notations adopted are indi- 
cated in Fig. 35. 

Brief description op ploughs with other 

DETAILS 

(1) Bellary plough {Madras), The dimensional 
diagram is given in Fig. 1. The wedge and the 
body are made in one piece and the beam is fixed 
to the body at a distance of 5 in. from the inner 
bond between bexly and wedge. The body, wedge 
an<l beam are made of acacia, i.e. bahul wood. The 
beam is nf reel angaiilar cross-section 3 in. X 4 in., 
its liuigtli being 9 ft. 2 in. The thickness and 
width of the body in the direction and perpendi- 
cular to beam are 5 in. and 7 in. respectively at the 
place where tlic beam is fixed to it. The wedge 
is a pyramid of equilateral triangular cross-section 
having the maximum section 6 in. side and the 
vertex of the section facing downwards. The 
length of the wedge up to the body is 32 in. and up 
to its 'intersection with the beam is 40 in. The 
angh' (;f the wedge, i.e. the face angle of wedge at 
the jxmetratiug jjoint is IG"' and the angles which 
the w(‘dge makes with the l)oJy and beam are 135^ 
and 42*5° respectively. A handle is fixed to the 
beam at the back of "the body. The length of the 
share, i.e. an iron rod us(m 1 to protect the penetrat- 
ing point of the wedge from wear and tear, is 26-5 
ill. The weight of the plough is 81*5 lb. This 
plough is used in black soils of Bellary and Kuniool 
districts. The crops generally grown in these 
districts are jonna {Amlropogon sorghum)^ T cnai 
(Italian millets) and cotton. The ploughing is 
usually done to a depth approximately 8 in. The 
plough is used mainly in rainfed area. The average 
monthly rainfall, on the basis of 37 years, for these 
districts is as follows : January 0-59 in., 
February = 0-32 in., March = 0*48 in., April == 
1*44 in., May — 2-36 in., Juno = 1*46 in., July = 
1‘4G in., August — M3 in., September = 1-51 in., 
October - - G-41 in., November === 3-75 in., and Dec- 
ember — M8 in. Two pairs of Mysore bullocks, 
having a live weight 700 to 900 lb., are used to work 
this plough as it is a heavy plough. 

(2) Coimbaiora plough {Madrai^), The dimen- 
sional diagram is given in Fig. 2. The wedge and 
the body are made in one piece and the beam is 
fixed to the body very near the inner bend between 
the wedge and body. The wedge and the body are 
made of acacia and the beam from salwood. The 
beam is of rectangular cross-section 1| in. X 3 
in. very near the body, and is of oval section for the 
remaining portion, the length being 11 ft. 7 in. 
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The body, at the place where the beam is fixed to 
it, is trapezium in section G in. X in. X 3 in. 
X 4^ in. The wedge is pyramid of an isosceles 
triangular section, having the sides and base at 
maximum section 5 in. and G in. respectively and 
tlie vertex facing downwards. The face angle of 
the wedge is 12-4'^ and the angles which the wedge 
makes with the body and beam are 153"^ and 
40* OG*^ respectively. The length of the wedge up to 
the body is 29 in. and up to its intersection with the 
beam 34 in. A handle is fixed to the beam at the 
back of the body. ’The length of share is 24 in. 
The weight of the plough is 37*4 lb., having the 
centre of gravity very near the inner bend. This 
plough is used in light, heavy, black, red, garden 
and wet lands of Coimbatore and other neigh- 
])ouring districts. The crops generally grown are 
paddy, cotton, pulses and cereals. The ploughing 
is done when the soil is fit to a depth of 3 in. to 
4 in. It is used in both irrigated and rainfed tracts. 
The average monthly rainfall is as follows : 
January 0-59 in., February ~ 0*32 in., March ^ 

0- 48 in., April — 1-44 in.. May = 2-3G in., June rrzr 

1- 4G in., July 1-4G in., August = 1-13 in., Sep- 
tember -“1-51 in., October r. - G-41 in., November 

3-75 in., and December = 1*18 in. A pair of 
Kangayam bullocks of live weight 8()()-900 lb. each 
is used for light soils and 1000‘to 12(K) lb. for heavy 
soils to work this plough. 

(3) Country plough, Dohad (Bombay). Th(» 
dimensional diagram is given in Fig. 3. The body 
and the wedge are made in two pieces, and assem- 
bled together such that they appear to have been 
made in one piece. The beam is fixed to the body 
at a distance of 7 in. from the inner bend between 
])ody and wedge. The plough is made of salwood. 
The beam is of rectangular cross-section 1 in. x ^ 
in. and its length being 9 ft. 4 in. The body and 
the handle are made in one piece and the body at 
the place where the beam is fixed to it is of rectan- 
gular cross-section 4 in. x 3 in., and at the place 
where the wedge is fixed to it is of rectangular 
section 5 in. X 3 in. The wedge is very narrow 
having a cross-section of more than half an ellipse 
cut by a line parallel to minor axis, the flat face fac- 
ing upwards. The face angle of the wedge is 8*2® 
and the angles which the wedge makes with the 
body and beam are 122^^ and 43° respectively. The 
length of the wedge up to the body is 18 in. and up 
to its intersection with the beam is 35 in. The 
length of share is 16 in. and protrudes 5 in. outside 
the wedge. The weight of the plough is 28*7 lb. 
This plough is used in soils varying from light to 


black of the eastern parts of Panchmahals. The 
crops generally grown are maize, grourulnuts, 
paddy, wheat, gram ; and ploughing is done to a 
depth of 4 in. to (> in. in dry tracts. It is used in 
both irrigated and rainfed tracts. The average 
monthly rainfall is as follows: January — 0*11 
in., February - 0-lG in., March - 0-08 in., April 
— ()*()4 in.. May -- 0-51 in., June — 4*34 in., July 

8*87 in., August -- 7*G() in., September ~ 5*58 
in., October 1*10 in., November — 0*19 in., and 
December — 0*11 in. A pair of Malvi bullocks 
with a live weight of 790 lb. and with a height of 
4 ft. is used to work this plough. 

(4) (Country plough, Baroda (Bombay.) The di- 
mensional diagram is giv(*n in Fig. 4. The wedge 
and body are made in two parts and assembled 
together as shown in the diagram. The beam is 
fixed to the body leaving a clearance of 7 in. from 
the place where the wedge is fixed to the body. 
The beam is of rectangular cross-section 2 in. x 
in., its*length being 10 ft. 8 in. The body is a rec- 
tangular solid with cross-section 8 in. X 5 in. and 
10 in. X 4 in. where the l)eain and wedge are fixed 
to it respectively. The body and the handle are 
made in one j)ie(‘e. The wedge is approximately 
a cone having 4 in. diameter at the maximum 
section, the angle of cone being 13*3°. The angles 
wliich the wedge, makes with the body and beam 
are 140° and 37 G' respectively. The length of 
the wedge up to the body is 23 in. and up to 
its intersection with the beam is 3G in. The length 
of the share is G in. The weight of the plough is 
50*7 lb. This plough is used in light alluvial soils 
(known as Gorat) of Baroda and surrounding places. 
The crops generally growm are bajara. kodra (Eleu- 
sine mracana), hawiu and tobacco. The ploughing 
is done usually to a depth of 5 to G in. w'hen the 
moisture content of the soil varies from 15 to 30 
per cent. It is used mainly in rainfed areas and 
the average monthly rainfall is as follows : Ja- 
nuary = 0*40 in., February —0*00 in., March — 
0*00 in., April 0*00 in.. May — 0*(K) in., June — 
4-G9 in., July == 14*45 in., August = 3*65 in., Sep- 
tember — 10*00 in., October — 1-OG in., November 

0*00 in., and December — 0*(K) in. A pair of 
bullocks with 54 in. height behind hump, and girth 
of 75 in. having a length of 61 in. from shoulder 
to pin bone, and a live w^eight varying between 
800 to 1200 lb. each is used to work this plough. 

(5) Country plough, Indore \Central India), 
The dimensional diagram is given in Fig. 5. The 
wedge and the body are made in two pieces and 
assembled together wdth a line joint so that they 
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appear to have been made in one piece. The 
beam is fixed to the body at a distance of 7^ in. 
from the inner bend between the wed^e and body 
and is of rectangular cross section 1 J in. X 3 
in., its length being 10 ft. 4 in. The body is a 
rectangular solid with cross-sections 4 in. X 3 in. 
and 5 in. X 2 in. at the places wh(‘r(‘ the beam and 
wedge are fixed to it respectively. The body and 
handle are made in one piece. The wedge is similar 
to that of Dohad, with fiat face facing upwards 
as shown in Fig. 5. The length of the wedge up to 
the body is 20 in. and up to its intersection with 
the beam is 30 in. The face angle of the wedge 
is lO"", and the angles which the wedge makes with 
the body and beam are 133 ^ and 42*5'^ respectively. 
The length of the share is 6 in. The plough isauade 
of salwood and its weight is 56-9 lb. This plough 
is used in medium black to heavy black clay soils 
of Malwa plateau. The crops generally grown are 
jowar^ cotton, wheat, gram, linseed, peas, etc. 
Ploughing is done occasionally as annual ploughing 
is not practised except for special crops such as 
sugarcane, etc. When ploughing is done, it is 
usually done after rains and to a depth of 5 in. to 
6 in. This plough, though mainly used in rainfed 
tracts, is used in irrigated tracts as well. The 
average monthly rainfall is as follows : January 
= 0*28 in., February = 0*18 in,, March = 0-06 
in., April = 0*14 in.. May = 0*58 in., June = 5*70 
in., July = 9*87 in., August == 8*01 in., September 
=6-53 in., October = 1-15 in., November = 
()-41 in., and December — 0’21 in. A pair of Malvi 
bullocks with an average length of 5 ft. 2 in., 
height 4 ft. 10 in. and live weight of about 1,224 
lb. each is used to work this plougli. 

(6) Sarkar 'plough, Sind {Egyptian tyfe). The 
dimensional diagram is given in Fig. G. This model 
is completely different from the other Indian 
ploughs and is known as Egyptian type. This was 
designed by Henderson. There is no body and the 
wedge serves both purposes. The beam and the 
wedge are fixed together by means of a bolt rod 
at a distance of 16 in. from the pointed edge of the 
wedge and another bolt at the other end of wedge. 
This method of tightening enables us to alter the 
angle between the beam and wxdgc whenever 
required. The beam is of rectangular cross-section 
2 in. X 3 in., its length being 9 ft. The cross- 
section of the W(^ge perpendicular to its length is 
four sided, one oi the sides being an arc of a circle 
and facing downwards. The cross-section of the 
wedge along its length is a triangle up to 16 in. 
from the pointed end and a rectangle for the re- 


maining portion. The total length of the wedge 
is 30 in. The angle which the wedge face 
makes with the beam is 40*96°. A flat iron plate 
is used as share to protect the wedge. A separate 
handle is fixed to the beam at a distance 8 in. from 
the bolt rod. The weight of the plough is 33*3 lb. 
This plough is used in soils varying from sandy 
loam to clay loam of Hyderabad, Tharparkar and 
Nawab Shah districts of lower Sind. The crops 
generally grown are cotton, wheat and oilseeds 
and ploughing is done to a depth of 3 to 3| in. 
after irrigation. The plougli is used in irrigated 
tract only. The average monthly rainfall is as 
follows: January — - 0*20 in., February - 0*27 

in., March :== 0*24 in., April 0*05 in., Mny 0*20 
in., June = 0*45 in. July 2-85 in., August 2*12 
in., Si^ptember — 0*60 in., October — 0*02 in., 
November = 0*06 in., and December — 0-06 in. A 
pair of Karachi bullocks with a live weight of 800 
to 900 lb. and height of 4 ft. 5 in. each or a pair of 
Tharparkar bullocks with a live weight 900 to 1000 
lb. and height 4 ft. 8 in. each is used to work this 
plough.^ 

(7) Kannar plough (Sind), The dimensional 
diagram is given in Fig. 7. This is an iron plough 
with a modified mould board and a wooden beam. 
The share and mould board are attached tightly to 
the body with the help of bolts and nuts. A 
w^ooden beam of rectangular cross-section 2 in. X 3 
in. is fixed to the body by means of bolt and nuts 
and its length is 9 ft. 5 in. The furrows opened by 
this plough are Tiot triangular in cross-section as is 
the case with the ()th(‘r Indian ploughs. The share 
of this plough ojK'us furrows 4 in. to 6 in. wide at 
the bottom. Other p irticudars can be seen from 
the diagram. The vedght ( J tlu* plough is 37*9 lb. 
This plough is used in rainfed areas and also in 
the same tr;icts CoS the Sarkar plough, wdth the 
same animals. The plougliing is done to a depth 
of 3^ in. to A in. 

(8) Native plough (Siud), The dimensional dia- 
gram is givcMX in Fig. 8. The w('dge, body and the 
handle arc made in one piece. All the three form 
an arc when viewed from the side of the plough. 
The beam is fixed to the })orly by means of cotters 
and the cross-section' of the body where the beam 
is fixed to it is 4 in. ^ 4 in. The beam is pf rec-tan- 
gular cross-section \\ in. X 2| in. and its length 
is 9 ft. 9 in. The w^edge is a pyramid of a 
pentagonal cross-section with four equal sides. 
The equal sides at the maximum section are 3 in. 
each, the fifth side which faces upwards measures 
6 in. The length of the wedge up to the body is 
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20 in. and up to its intersection witli the beam is 
23 in. The angle which the wedge makes witli 
the body and beam are 140^ and 46-8° nispective- 
ly. The face angle of the wedge is 20'^. The 
length of the share is 24 in. and tlui weight of the 
plough is 35*4 lb. This plough is used throughout 
Sind province in dry and wet tracts. Other condi- 
tions are similar to that of Sarkar and Kannar 
ploughs. 

(9) Country plough F, P.), The dimen- 

sional diagram is given in Fig. 9. The wedge and 
body are made in one piece. The whole piece is a 
crude irregularly bent wood with irregular .shape, 
one end of which is used as body and the other end 
is chipped to form the wedge. The beam is made 
from three curved pieces and the total length of the 
beam is 1 1 ft. 7 in. The length of wedge up to 
tfie beam is 11 in. An iron rectangular plate with 


a conical pointer is used as a coulter. The length 
of the share is 12 in. and projiicts 5 in. beyond the 
wedge. The weight of the plough is 47*8 lb. This 
plough is used all over N.-W. V, Province and is 
worked by camels. This plough is similar to Sarkar 
Sind excepting the l)eam and share. The .share is 
very pointed and the b(*am is curv('d in this 
ca.se. 

(10) Country plough, Karrml (Punjab). The* 
dimensional diagram is given in Fig. 10. The 
wedge and body nvo made in two pieces and 
assembled together in such a way that they appear 
to have been made in one piece. The beam is 
lixed to the body at a di.stance of GJ in. from the 
inner bend between body and wedge. The beam 
is of rectangular (jross-section 3 in. X 4 in. and its 
length is 10 ft. 10 in. The body and the handle 
are made in one piece and the width and the 
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thickness of the body at the place where the beam crops generally grown are ■v^heat, gram, barley, 
is fixed to it are. 6 in. and 3 in. respectively. The toria, sarson^ sugarcane, cotton, rice, maize, jowar 
wedge has two shapes. Up to 14 in. from the and chillies. The ploughing is done after irriga- 
pointed end it is a solid with a thin segmental tion if there is no rain, the average depth of plough- 
cross-section. The flat face is protected by an ing is 3 in. to 4 in. at first ploughing. It is used in 
iron frame and faces upwards. The remaining both rainfed and irrigated areas. The average 
length of the wedge is a solid with a slight sectral monthly rainfall is as follows : January =1 0-59 
cross-section, the curved surface facing down- in., February == 0*45 in., March = 0-52 in., 
wards. The length of the wedge up to the body is April = 0-33 in., May — 0*63 in., June = 1-27 in., 
22 in. and up to its intersection with the beam is 28 July — 4-24 in., August = 5*43 in., September 
in. The length of the share is 28 in. The == 4*78 in., October = 0*84 in., November —0*11 
face angle of the wedge is 31*7'' and the angles in., and December = 0*43 in. A pair of Hariana 
which the wedge makes with the body and beam or Hissar bullocks with a live weight between 
are 145 and 44*5' respectively. The weight of 950 to 1148 lb., height of 4 ft. 11| in. and with 
the plough is 51*6 lb. This plough is used in soils an average length 4 ft. 5 in. each is used to work 
varying from loam to clay in Karnal district. The this plough. 



Fig. 10. Country plough, Karnal (Punjab) 
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(11) Local plough, Delhi, The dimensional dia- 
gram is given in Fig. 11. The wedge and body are 
made in two parts with different materials. The 
beam is fixed to the body at a distance of 1 1 in. 
from the place where the wedge is fixed to the body. 
It is of rectangular cross-section 2 in. X 4 in. and 
its length is 9 ft. 1 1 in. The body and Ixandle are 
made in one piece and form a conical solid with 
irregular cross-sections at different places. The 
maximum thickness of the body just below the 
place where the beam is fixed to it is 5 in. The 
wedge is a triangular iron plate of about f in. 
thickness with sides 7 in., 7 in. and 6 in. It is 
fixed to the body with the help of cotters. Its 
length up to its intersection with the beam is 25 in. 
The face angle of the wedge is 40° and the angles 
which the wedge makes with the body and beam 
arc 150^^ and 41*3® respectively. The length of the 
share is 25 in. The weight of the plough is 59*7 


lb. This plough is used in soils varying from sandy 
to clay loam and sometimes in shallow rocky soils 
of Delhi province. The crops generally grown arc, 
wheat, gram, barley, sugarcane, cotton, pul- 

ses and vegetables. Ploughing is usually done to a 
depth of 2^ ill. to 6 in. immediately after the 
first monsoon shower for kharif and immediately 
after kharif harvest for rabi season. It is used in 
both rainfed and irrigated tracts. The average 
monthly rainfall is as follows : January ~ 1*04 
in., February === 0*76 in., March ~ 0-52 in., April ~ 
0*39 in., May = 0*58 in., June --2*99 in., July = 
7*53 in., August — 7*42 in., September == 4*78 in.. 
October — 0*32 in., November — 0*11 in., and 
December — 0*40 in. A pair of Mariana bullocks 
with a live weight of about 800 to 900 lb. each is 
used to work this plough. 

(12) CoinUrg plough, Aligarh [U. P.) The 
dimensional diagram is given in Fig. 12. The 



Fio. 11. Local plough, Delhi 


410 


THE INDIAN JOURNAL OF AORIcaTLTURAL SCIENCE 


[ XIV 


wedge and body are made in two parts. The beam 
is fixed to the body at a distance of 5 in. from the 
inner bend between wedge and body. It is of 
rectangular cross-section 2 in. X .‘1 in. very near 
the body and tapers with a gradually decreasing 
section, its length being 9 ft. 5 in. The body and 
handle are made in one piet^e. The thickness and 
the width of the body at the place ^Yhere tlie beam 
is fixed to it are 5 in. and in. respectively. 
The wedge is a pyramid of triangular cross-section 
having the sides at maximum section, 5 in., 5 in. 
and 6 in. ; and the vertex facing downwards. The 
length of the wedge up to the body is 18 in. and 
up to the intersection with the beam is 29 in. The 
face angle of the wedge is 16*8'' and the angles 
which the wedge makes with body and beam are 
140^ and 44*4'' respectively. The lengtli, of share 
is 10 in. The weight of the plougli is 29*2 lb. 
This plough is u.sed in soils varying from light to 
heavy loam of Aligarh and Bulandshahr di.stricts. 
The crops generally grown are wheat, cotton, 
sugarcane, jmvar, pulses, gram and oilseeds, 
(lenerally at the time of ploughing the soil does not 
contain much moisture and at times it is dry even. 
The depth of ploughing is usually 3 in. to 4 in. and 
the plough is used in both rainfed and irrigated 
tracts. The average monthly rainfall is as fol- 
lows : January = 1*11 in., February ~ 0*48 in., 
March = 0*58 in., April = 1*14 in.. May ^ 0*00 
in., June = 1*04 in., July = 9*58 in., August ~ 
4*06 in., September = 10-97 in., October 0*00 
in., November = 0*00 in., and December = 2*00 in. 
A pair of Hariana or Hissar or local bullocks with 
live weight 800 to 900 lb. and with a height 3 ft. 
8 in. each is used to work this plough. 

(13) Country plonyh, Jlmnsi (U. P.). The 
dimensional diagram is given in Fig 13. The wedge 
and body are made in one piece. The beam is 
fixed to the body at a distance of 2 in. from the 
inner bend. The beam is of rectangular cross- 
section 2 in. X 4 in. and is straight to a length of 2 ft. 
from the body, the remaining length being slight- 
ly curved as shown in the Fig. The total length of 
the beam is 7 ft. 10 in. The body is of rectangular 
section 4 in. X 5 in. A separate handle is fixed to 
the beam at the back of body. The wedge is a 
solid having a segmental cross-section with the 
curved face facing downward.s. Its length up to 
the body is 26 in. and up to its intersection with 
the beam is 30 in. The face angle of the wedge is 
20^ and the angle which the wedge makes with 
the body is 145^^. The length of the share is 14 in. 
and the weight of the plough is 44*1 lb. 


(14) Country plough ^ Bareilly No. 1 (U. P.) The 
dimensional diagram is given in Fig. 14. This 
model is quite different from all the others. The 
W(‘dgc and l)ody are made in two parts. The 
beam is fixed to the body at a distance of 6 in. from 
the inner bond, and is of rectangular cToss-section 
ll in. X 3 in., its length being 8 ft. 9 in. The 
body and handle are made in one piec.e and the 
body is a trapezoidal solid. The wedge is made of 
a very small piece of wood, and the share which is 
(‘omparatively thicker and longer acts as a wedge. 
The length of wedge is very small and the angles 
which it makes with the body and beam are 135'' 
and 33*05" respectively. The length of the share 
is 18 in., and tlie weight of the plough is 24*2 lb. 
This plough is used in soils varying from sandy to 
loam of Bareilly district. The crops generally 
grown are sugarcane, paddy, maize, jowar^ raluir, 
wheat, barley, gram, and pulses. The ploughing is 
done both in dry and moist conditions and to a 
depth of 3 in. at the first ploughing . It is used in 
both irrigated and rainfed tracds. The average* 
monthly rainfall is as follows : January == 1/01 in., 
February — 0*92 in., March 0*68 in., April — 
0*31 in.. May = 0*33 in., June - 5*14 in., July — 
10*97 in., August 12*27 in., 8(‘pteml)er — 7*47 
in., October = 1*19 in., November —0*23 in., and 
December —0*33 im A pair of Ponwar bullocks 
with a live weight 740 to 850 lb. each is used to 
work this plough. 

(15) Country plough, Bareilly No. 2 {U. P.). 
The dimensional diagram is given in Fig. 15. The 
wedge and the body are made in two pieces and the 
construction of this plough is similar to that of 
Dohad and Indore except in angles and dimen- 
.sions of the parts. The beam is fixed to the body 
at a distance of 3 in. from the inner bend. It is of 
rectangular cross-section 2 in. X 2^ in., its 
length being 9 ft. 1 in. The body and handle are 
made in one piece. The wedge is very narrow and 
similar to that of Dohad. The length of the wedge 
up to tlie body is 22^ in. and up to its inter- 
section with the beam is 32 in. The face angle of 
the wedge is 6*8'' and the angles which the wedge 
makes with the body and beam are 140'' and 40" 
respectively. The weight of the plough is 25* I 11). 
Other conditions and particulars are similar to that 
of No. 14. 

(16) Country plough, Kakori (?/. /*.). The 
dimensional diagram is given in Fig. 16. This 
model is very similar to that of Bareilly No. 1. 
Other particulars and conditions under which it is 
used are similar to that of Bareilly No. 1. 
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Fui. Il', C'ouiitn idoiij'li, Aliftarli (I'.l’.) 



Fui. 13. Country plough, Jhansi (U.P.) 
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(17) Woinlen plomjh, Gorakhpur No. I (U. P.) 
Tln^ dimensional diagram is given in Fig. 17. Tlic 
wedge and body arc made in two pieces. The 
beam is fixed to the body at a distance in. 
from inner bend. It is of rectangular cross-section 
U in. X 2 in,, its length being 9 ft. 4^ in. The body 
and handle are made in one piece and the thick 
n(‘ss and width of the body at the places where the 
beam is fixed to it are 4 in. and 3 in. respectively. 
The wedge is a pyramid of triangular cross-section 
with the sides at maximum section 3 in., 3 in. and 
5i in., the vertex facing downwards and 5i in. 
side facing upwards. The length of the wedge up to 
the body is 15 in. and up to its intersection with the 
beam is 28 in. The face angle of the wedge is 
21-2'^ and the angles which it makes with the body 
and beam are 131'^ and 45^^ respectively. The 
length of the share is 24 in. The weight of the 
plough is 22-fi lb., and this plough is well known 
locally by the name Khopidar, This plough is 
used in soils varying from light sandy to heavy 
clay of Gorakhpur and Bahraich districts.* Tlie 
crops generally grown are sugarcane, paddy, wheat, 
pulses, maize and oilseeds. This plough is usually 
used for second ploughing in heavy soils and used 
for all ploughings in the liglit soils to a depth of 
i) in. to 7 in. This plough is used in both rainfed 
and irrigated tracts. Tlie average monthly rain- 
fall is as follows : January ~ 0*07 in., February 
=: 0*60 in., March ~ 0*39 in., April —0-40 in.. 
May — 1*47 in., June — 7-41 in., July ™ 13*43 in., 
August 13*99 in., September = 8*07 in., Octo- 
ber = 3*45 in., November = 0*17 in., and Decem- 
ber 0*14 in. A pair of local bullocks with a live 
weight of 500 lb. and 3 ft. 0 in. luught each is 
used to work this plough. 

(18) Desi pUm(]h, Gorakhpur Ah. 2 {U . P.). The 
dimensional diagram is given in Fig. 18. This 
design is similar to that of wooden plough Gorakh- 
pur No. 1 except in the cross-section of wedge and 
dimensions of some parts. The wedge is a pyramid 
of pentagonal cross-section with sides in., 

1 in., 3 in., 3 in. and I in. at maximum section, 
one vertex faces downwards. The length of the 
share is 24 in. and other particulars and conditions 
are similar to that of Wooden Plough No. 1. 

(19) Desi plough, Gorakhpur No. 3 (U. P.). The 
dimensional diagram is given in Fig. 19. The 
wedge and body are made in one pie(te. The beam 
is fixed to the body at a distance of 1 in. from the 
inner bend. It is of a rectangular cross-section 

2 in. X 3 in., its length being 9 ft. The 
wedge is a pyramid of triangular cross-section 
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having the sides 8 in., 4i in. and 4^ in. at 
maximum section, with the vertex facing upwards. 
The length of the wedge up to the body is 21 in. 
and up to its intersection is 27 in. The face 
angle of the wedge is 23*2*^ and the angle which the 
wedge makes with the body and beam are 143° and 
49*1° respectively. The length of the share is fi 
in. and a separate handle is fixed to the^ beam 
at the back of the body. The weight of the plough 
is 23*(5 lb. This plough is known locally by tlu*. 
name Khutchra (i.e. lighter) and is made of 
babul wood. It is used in clay soils of Balia and 
Azamgarh districts for first ploughing to a depth 
of 2 in. to 3 in. In other respects and conditions 
it is similar to No. 17. 

(20) Desi plough, Gorakhpur {IJ.P.). This design 
is siiiiilar to that of No. 3, exc('pt in the length of 
the wedge and of weight. This plough is known 
locally by the name Nnuhara and is used in 
Balia and Azamgarh districts. 

(21) Load plough, (diotanagpur {Bihar). Tlu' 
dimensional diagram is given in Fig. 20. The body 
and the wedg(‘ ar(‘ made in a single pi(‘ce. Thert* 
is no bend betwe^m body and wedge. The beam 
is fixed to the wedge and the body is of rectangular 
cross-section 2 in. X 3 in., its length being 9 ft. 
2 in. The body is a rectangular solid with a cross- 
section 8 in. X 5| in. A separate handle is 
fixed to it. The wedge is a frustrum of four sides 
with cross-section 8 in. X 5 in. X 1 in. X 5 in. at 
maximum section and 5i in. X 4 in. X 1 in. X 
4 in. at the penetrating end, the 1 in. side faces up- 
wards. The wedge is chipped to form a slope at 
the penetrating edge. The length of the wedge is 
21 in. The length of the share is 12 in. and 
protrudes i) in. from the wedge. The angle 
which the wedge' makes with the beam is 46*2°. 
The weight of the plough is 34*3 lb. This plough 
is used in soils varying from rocky to good soils of 
Chotanagpur. The crops g('nerally grown are 
paddy, maize, rahar. gram, gondii, mama and 
cotton. The ploughing is done to a depth 1 in. 
to 4 in. when there is sufficient moisture which 
makes the soil suitable for ploughing. It is used 
only in rainfed areas. The average monthly rain- 
fall is as follows : January == 0*35 in., February 
= 0*68 in., March — 0*41 in., April === 0*58 in., 
May = 1*47 in., June — 7*66 in., July 11*48 
in., August ^ 13*70 in., September ^ 8*39 in., 
October —1*80 in., November = 0*41 in., and 
December = 0*21 in. A pair of bullocks with a 
live weight 650 lb., height 3 ft. 9 in. and girth 2 ft. 
10 in. each or a pair of buffaloes wjth a live weight 
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800 lb., benight 4 ft. 4 in. and girth 3 ft. 9 in. each is 
used to this plough. 

(22) Local plough, Chotamgpur, Netarhat 
(Bihar). The dimensional diagram is given in 
Fig. 21. This design is similar to that of L. P. 
Chotanagpur (21), except that there is a slight bend 
between the body and the wedge. The wedge and 
body are niade in one piece and the beam is fixed 
to the wedge very near the bend. The beam is of 
rectangular cross-section 2 in. X 3 in. and its length 
is 9 ft. 8 in. The wedge is a solid of trapezoidal 
cross-section having the sides of sections 11 in., 
6 in., 3| in., 6 in. and 7 in., 4 in., 3 in., 4 in., at 
maximum and minimum sections respectively. 
The small side faces upwards. The length of the 
wedge up to the body is 26^ in. The angle 
which the wedge makes with the beam is 48-35'^. 
A separate handle is fixed to the body. The length 
of the share is 12 in. and protrudes 5 in. out of the 
wedge. The weight of the plough is 41*8 lb. and 
is used in soils varying from rocky to good soils 
of Bishnupur and Mohwadar Tbanas in Netarhat 
plateau. Other conditions and particulars are 
similar to No. 21. 

(23) Country plough, Patna (Bihar). The dimen- 
sional diagram is given in Fig. 22. The wedge and 
body are made in one piece. The beam is fixed to 
the body at a distance of 1 in. near the bend. It 
is of rectangular cross-section 1^ in. X 2| in. 
and its length is 9 ft. The bo<ly is a solid 
of a trapezoidal cross-section and a separate handle 
is fixed to the beam at the back of the body. The 
wedge is a pyramid of triangular cross-section 
ha\nng the sides 6 in. x 4 in. x 4 in. at maximum 
section. The vertex of the section is slightly 
flattened and faces upwards. The length of the 
wedge up to the body is 22 J in. and up to its 
intersection with the beam is 28 in. The face 
angle of the w'edge is 20"" and the angles which the 
wedge makes with the body and beam are 150° and 
39*5° respectively. The lengtli of the share is 14 
in. and the weight of the plough is 24*8 lb. 
This plough is used in all kinds of soils in Patna 
district. The crops generally grown are paddy, 
rahar, sugarcane, wheat, gram, etc. The plough- 
ing is done to a depth of 3 in. when the moisture 
is about 15 per cent. It is used in both rainfed 
and irrigated tracts and the average monthly 
rainfall is as follows : January = 0*53 in. , Feb- 
ruarj^ == 0*71 in., March = 0*47 in., April = 0*30 
in., May = 1-67 in., June = 8*12 in., July = 11-94 
in., August = 13*65 in., September == 8*33 
in., October = 2*54 in., November = 0-28 in., and 
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December = 0*09 in. A pair of country bullocks 
with a live weight 500 lb. each is used to work 
this plough. 

(24) Country plough, Pusa (Bihar). The dimen- 
sional diagram of this plough is given in Fig. 23. 
The wedge and body are made in one piece and the 
beam is fixed to the body at a distance of 2 in. from 
the inner bend. The beam is of a rectangular 
cross-section 2 in. x 3 in. and its length is 8 ft. 

2 in. The thickness and the width of the body at 
the place w'here the beam is fixed to it are 
5 in. and 4 in. respectively. A separate handle 
is fixed to the beam at the back of the body. The 
wedge is a pyramid of triangular cross-section 
with the vertex slightly flattened and facing up- 
wards. The sides of cross-section at maximum sec- 
tion are 8| in., 5 in. and 5 in. The length of the 
wedge up to the body is 16 in. and up to its in- 
tersection with the beam is 22 in. The face angle 
of the wedge is 35° and the angles which the wedge 
makes with the body and the beam are 150° and 
44-9° respectively. The length of share is 12 in. 
and protrudes 2 in. outside the wedge. The 
weight* of the plough is 34-3 lb. This plough is 
used in soils varying from sandy to heavy loams 
of Muzaffarpur, Darbhanga, Saran and South 
Champaran districts. The crops generally grown 
are sugarcane, wheat, barley, maize, rahar, pulses 
and paddy. The ploughing is done to a depth of 

3 in. when the moisture is about 20 per cent and 
the plough is used for puddling paddy fields. It 
is used mostly in rainfed areas and the average 
monthly rainfall is as follow*s : January = 0*35 
in., February ™ 0*68 in., March =0*41 in., April 
~ 0*58 in.. May == 1*47 in., June =7*66 in., ,July 
— 11*48 in., August = 13*70 in., September = 
8*39 in., October = 1*80 in., November = 0*41 
in., and December = 0*21 in. A pair of local 
bullocks with live weight 600 to 800 lb. each is 
used to work this plough. 

(25) Local plough, Chotanagpur, Ranchi (Bihar). 
The dimensional diagram is given in Fig. 24. The 
wedge, the body and the handle Are made in one 
piece. The beam is fixed to the body at a distance 
of 3 in. from the inner bend and is of rectangular 
section 2 in. x 3. in., its length being 6 ft. 7 in. 
The body is a solid trapezium in cross-section. 
The wedge is a pyramid of triangular cross-section 
having the sides 5^ in., 3 in. and 3 in. at maxi- 
mum section with its vertex slightly flattened and 
facing upwards. The face angle of the wedge is 
28° and the angles which the wedge makes with the 
body and beam are 150° and 39*05° respectively. 
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The length of the wedge up to the VkxIv in 22| in. 
and up to the })eam is 28 in. The length of the 
share is 16 in. and proje(ds 3 in. outside the wedge ; 
nnd the weight of the plough is 16*4 lb. This 
plough is used i]i the soils varying from sandy loam 
with grit in the uplands to heavy clay in the valley 
or dune of Ranchi district. The crops grown gen- 
erally are ])addy, m/eur, maize, pulses, barley aiul 
w heat. Ploughing is usually done after rains when 
the moisture is betw een 23 per cent to 30 per cent. 
In the first instaiua^ the depth of the ploughing is 
between U in. to 3 in. aiul the seeond ploughing 
it is 2.1 ill. to- 3 i?i. It is used in rainfed areas 
and the average monthly rainfall is as folio's s: 
January 0‘70 in., February — 1*60 in , March 
I'JO in., April 0*95 in., May - 2-41 in., 
June — 9*68 in., July 14*77 in., August 13*17 
in., September 9*14 in., October ^ 2*84 in., 
November -- 0*38 in., and December -- 0*18 in. 
A ])air of bullocks w itli live wMMglit 330 to 410 lb. 
each or buitaloes with live weight 650 to 900 lb. 
each is used to work this })l()ugh. 

(26) Native jAovglh^ Safxair (fhhar). The di- 
mensional diagram is given in Fig. 25. 14ie wedge 
and body are nuide in one piece. Tlui beam is 
fixed to tlie body at a distance of 2 in. from the 
inner bend and is of rectangular section in. x 
3 in., its length being 9 ft. 3 in. A separate 
haiulie is fixed to the beam at the ba(dc of the body. 
The wedge is a tri«nigular |:)yra.niid having the sides 
of cross-section at its maKimum lO.l in., 6.I in. 
and 6i in. w ith the vertex facing upw^ards. JJu*. 
length of tin', wedge up to the body is 28 in. and up 
to its interse(;tion with the bi'a.m 3)7 in. 1'he face 
angle of tlui wedge is 30 ' and tiie angles w'hi<*h the 
wedge nuikes with bod\' and beam are 155'^ and 
resj'cct ivel\ . The length of tlie share is 17 
in. and it is thick and broad. The weight is 44*1 
lb. and tiu* plough is used in soils varying from 
light to heavy of Bhagaljuir distri(‘t and ploughing 
is done w hen the moisture percentage is v(‘ry high. 
For puddling purpose the wa*dge will la; made a bit 
narrow. In Santhal Pargana.s the same plougli 
wdth narrow^ wedge is used as the anim.ils are com- 
paratixely weak and small. The cro})s g^enerally 
grown a, re janldy, maize and pulses. Ploughing is 
done usually to a depth of 3 in. to 4 in It is used 
in rainfed areas and the average' monthly rainfall 
is as follows: Jamniry - 0*41 in., February — 
0*72 in., March -- 0 37 in., A})ril 0*67 in.. May 
3*51 in., June 7*90 in., July = 11*13 in., 
August 11*54 in., Se})tember 8*83 in., Octo- 
ber ^ 2*45 in , November 0*33 m., and Decem- 
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ber = 0*08 in. A pair of local bullocks or buf- 
faloes is used to work this plough. 

(27) Wooden country plough, Bankura (Bengal), 
The dimensional diagram is given in Fig. 26. The 
body and w^edge are made in one piece. The beam 
is fixed to the body at a distance of 3 in. from the 
inner bend between the body and wedge . It is of 
rectangular section 2 in. X 4 in. up to 2 ft. from the 
body and oval in the remaining length and its 
length being 8 ft. 5 in. A separate handle is fixed to 
the body. The wedge is a pyramid of triangular 
cross-secJion with sides 9i in., 4 in. and 4 in. and 
with its vertex facing upwards. The length of 
the wedge up to the body is 20.1 in. and up to 
its intersection with tlie beam is 28 in. The face 
angle of the wedge is 39” and the angles wdiich the 
w'edge. nuxkes with the body and beam arc 135” and 
41*9” respectively. A fiat sliarc is used to protect 
tlie [)enetrating edge. The weight of the plough is 
31 lb. This plough is used in sedulary kiteritc 
soils, with full gravels of various sizes of Bankura 
district. Paddy is the only crop grown in this 
district. Ploughing is usully done to a depth 
from 3 in. to 1 in. It is used in w'uterloggefl condi- 
tion or W'hen the itioisture percentage is higli. It 
is used in both rainfed and irrigated areas. The 
average rainfall is us follows : January = 0*19 

in., February --- 1*66 in., Marf*li 0*76 in., April 
- 0*97 in.. May - 2*77 in., June 8*68 in., July 
-- 11*62 in., August — - 11*52 in., September — 
7*01 in., October ' 2*52 in , Noveml)er — 0*39 in., 
.Old December - 0*12 in .V yiair of bullocks with 
live weight of 170 lb. eacJi is used to work tliis 
plough. 

, (28) Wooden plongh, TipjKra (Bexgal). Tiie 
dimensioual diagram us given iu Fig. 27. The body 
and the waalge arc made in one piece. The beam 
is fixed to the body very near the inner bend and is 
of rectangular cross-section l.y in. X 2\ in. and 
its length being 7 ft. 3 in. A separate handle 
is fixed to the beam m front of the body. The 
cross-seetion of tlie wedge is sliown in the diagram. 
It wall be seen that the vertex faces upwards. 
The length of the wTxlge up to the body is 23 in. 
and up to its intersection with the beam is 25 in. 
The angles wdiiiJi the wedge makes with the body 
and tin; beam nre. 130^ and 40” respectively. The 
weight of the plough is 28 lb. This plough is 
used in new alluvial soil of light texture — Meglma 
silt in Tippera district. The crops generally 
grown are paddy, jute and pulses. Ploughing is 
usually done to a (tepth of 3 in. to 4 in. when the 
moisture is al'out 15 |)er cent to 25 per cent. It is 









STUDIES Ol' SOME INl)lAK PLOUGHS 


423 


VI J 

used in raiufed areas only and the averafrc rainfall 
is as follows : January *= 0*29 in., February = 3 ^ 1*08 
in., March » 2-96 in., April 6*58 in., May 
11*77 in., June =: 18*05 in., July = 15*05 in. 
August = 14*91 in., September == 10*93 in., 
October = 6*52 in., November =1*03 in., and 
December = 0*23 in. A pair of local bullocks 
with a live weight 500 lb. each is used to work 
this plough. 

(29) Country ykrughy Ranypur (Bengal^ The 
dimensional diagram is given in Fig. 28. The 
wedge, the body and the liandle are made in one 
piece. The beam is fixed to the body very near 
the inner bend and is of rectangular cross-section 
1^ in. X 3 in., its length being 7 ft. 7 iu. The 
body is a solid of triangular cross-section. The 
wedge is a pyramid of triangular cross-section with 
sides 7 in., 5 in., and 5 in. and with vortex facing 
upwards. The length of the wedge up to the body 
is 2U- in. and up to its intersection with the beam 
is 24 in. The face angle of the wedge is 19*2"^ and 
the angles which the 'wedge makes with the body 
and beam are 138"^ and 46*2° respectively. A 
small share is used in this plougli. The weight of 
the plough is 20 lb. This plough is used in new 
alluvial soil with light texture of sandy Tista silt 
of Rangpur district. The crops generally grovui 
are mostly transplanted paddy and jute. Plough- 
ing is usually done to a depth of 3 in. to 4 in . when 
the moisture is between 15 to 20 per cent. It is 
used mostly in rainfed areas and the average rain 
is as follows : January = 0*06 in., February 
1*27 in., March 0*41 in., April = 1*92 in., May 
=:•- 14*72 in., June = 14*69 in., July 19*35 in., 
August 17-59 in., September == 11*20 in., 
October = 6*23 in., November - . 0*11 in , and 
December ™ 0*23 in. A pair of local bullocks 
with a live weight 470 lb. each is used to work 
this plougli. 

(30) Country plough, Dacm Farm {Bengal), The 
dimersional diagram is given in Fig. 29. The body 
w’edge and handle are made in one piece. The 
beam is of rectangular cross section 2 in. v 3 in. 
and its length is 8 ft. 9 in. The body is a solid of 
triangular cross-section and the design of tlic 
plough is similar to that of Rangpur. The wedge 
is a pyramid of triangular cross-section, wdtli its 
edges slightly curved . The sides of cross-section at 
maximum section are 6 in., 4 in. and 4 in. and the 
vertex facing upwards. Part of the vertex near 
the penetrating point is considerably flattened to 
fix the share. The vertex facing upwards is 
straight up to maximum section which is at a dist** 


aiice of 20 in. from the penetrating points of the 
w'edgc and afterw^ards it is curved. The length of 
the w edge up to the outer bend is 22 in. and up to 
its intersection w'ith the beam is 24 in. The face 
angle of the w*edge is 14"" and the angles w^hich the 
wedge makes w ith the bod} and beam are 135° and 
45*6° respectively. The length of the share is 12 
in. and the w'eight of the plough is 23*9 lb. This 
plough is used in red soils of heavy texture, old and 
new alluvial soils witli light texture of Dacca 
district. The crops generally grow*n arc paddy 
(transplanted and broadcast too), jute, pulses, 
w’licat and barley. Ploughing is done to a depth of 
3 in. to 4 in. when the moisture is about 15 to 20 
per cent and the plough is used under waterlogged 
condition. The plough is used mostly in rainfed 
areas and the average rainfall is as follow\s : Janu- 
ary = 0*17 in., February -- 1*89 in., March ^ 
0*97 in., April — 3*09 in., May = 12-97 in., June 
^i5*17 in., July = 10*26 in., August = 15*47 in., 
Septejnber ~ 7*59 in., October = 3*15 in., Novem- 
ber = 0*46 in., and December = 0*34 in. A pair 
of local bullocks with a live weight of 500 lb. each 
is used to work this plougli. 

(31) Orissa plough, Potaugi (Orissa). The di- 
mensional diagram is given in Fig. 30. This 
design is absiutely different from the others. 
There is no bend between body and wedge and 
henee w^e can H«ay that the w edge itself acts as body 
also. The beam is directly fixed to tlie w’ocige at a 
distance of 18 in. from the pointed end. The beam 
is of circular crosH-scction and is bent at the end 
wdiere it is fixed to the wedge, and is straiglit for 
the remaining length. The total length of the 
beam is 8 ft. A separate curved wood piece 
is used as handle and is fixed to tlie wedge at tlio 
back of tlie beam. The wedge is a solid cone and 
its solid angle'is 5°. The length of the w^edge is 
30 ill. and maximum diameter of the cone is 2i 
in. The wedge is slightly chipped at the pointed 
end and a sliare of 6 in. length usctl. The weight 
of the plough is 19*2 lb. Angle lictweeu the w edge 
and the beam is 40°. 

(32) Orissa plough, Vdayagiri (Orissa). The 
dimensional diagram is given in Fig. 31. The 
wedge, body and handle are made in one piece. 
The beam is fixed to the body at a distance of 2 
in. from the inner bend and is circular in cross 
section with 3 in. diameter. Its length is 7 ft. 
6 in. The wedge is a pyramid with pentagonal 
cross-section with sideaS^ in., in , 3J in., 3J^ in 
and 1| in. at maximum section and the vertex 
facuig i pw-ards. The face augle of tbe wedge is 
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18*6'^ and the angles which the wedge makes with 
the body and beam are 120° and 49*9° respectively. 
The length of the wedge up to body is 17 in. and 
up to its inteisootiop with the beam is 22 in. The 
length of the share is 9 in. and the weight of the 
]>Ioiigli is 17-2 11). 

(33) Cmmtnj plough, Sambaljnir (Orusa), Tlie 

dimensional diagram is given in Fig. 32. The 
body and wedge are in one piece. The beam is 

fixed to the body at a distance of 8 in. from the 

inner bend and is of rectangular cross-section 

2 in. X 2^ in., its length being 7 ft. 5 in. A 

separate handle is fixed to the body. The wedge 
is a pyramid of triangular cros.s-section with sides 
13 in., Gi in. and 6^ in. at maximum sections. 
The tAvo edges are curved slightly. The length of 
tlie wedge up to the body is 20 in. and up to its 
intersection with the beam is 32 in. The face 
angle of the wedge is 40° and the angles which the 
wedge makes witli the body and tl)e beam are 140° 
and 30° respectively. The length of the shiire is 
1 1 in. and the weight of the plough i.s 19*2 lb. The 
plough is used for puddling paddy fields. The 
average rainfall is as follows : January = 0*41 in., 
February rr: 0*79 in., March — 0-94 in., April -- 
0*65 in., May = 1*25 in., June === 10-92 in., July 
— 20*02 in., August = 19*19 in., September 
8*51 in., October ■== 2*00 in., Novemlier 0*83 in., 
and December = 0*22 in. 

(34) Woodefi plough ^ Berhampore (Orissa). The 
dimensional diagram is given in Fig. 33. The body 
and wedge are made in one piece. Tlie beam is 
fixed to the body at a distance of 1 in. from the 
inner bend and is of rectangular cross-section 2 
in. X 3 in., its length being 7 ft. 10 in. A separate 
piece of wood is fixed to the body to serve as handle. 
The wedge is a solid of pentagonal cro.ss-.section 
with sides 5 in., 2 in,, 4 in., 2 in. and 5 in. at maxi- 
mum section and with the 4 in. side facing up- 
wards. The length of the wedge up to body is 
26^i in. and up to its intersection is 31 in. The 
face angle of the wedge is 17° and the angles which 
the wedge makes with the body and beam are 135° 
and 41*3° respectively. The length of the share 
is IGJ in. and the weight of the plough is 36*4 lb. 
The average rainfall is as follows : January = 
0*35 in., February = 0*88 in., March = 1*07 in,, 
April 1*40 in., May 5*51 in., June = 10*04 
in., July = 10*85 in., August = 11*95 in., 
September ~ 10-12 in., October 4*20 in., 
November ~ 0*62 in., and December 0*12 in. 

(35) Orissa plough, Bhndrak. Similar to Sambal- 
pur in design. 


(36) Orissa plough, Angul. Similar to Sambal- 
pur plough in design. 

Experiment 

With the object of making comparative study 
of the Indian ploughs and also to investigate the 
fundamental i)iinciples involved in their design, 
dynamometer experiments were conducted in 
January 1941 with 40 ploughs, collected from 
different parts of India, which are described above. 
The fidd used for this experiment was plot No. 3 
Main Block Farm area, Imperial Agricultural Re- 
search Institute, and the soil is sandy loam. The 
plot was level and had been ploughed and left 
fallow for two months before this exi)eriment. The 
data were collected as follow^s : Five furrow's, 
each 100 ft. long, were opened in succession by 
each of the ploughs, the first one being an opening 
furrow^ while the remaining four furrows followed 
as normal plougliing. Same ploughman and the 
same pair of Sahiw'al bullocks were used throughout 
the experiment. Oliarts show’ing the draw-bar- 
])ull (D. B. P.) fiuctiiations throughout the length 
of the furrow were obtained for each furrow with 
the help of a self-recording dynamometer. The 
description of the dynamometer is given in Ap- 
pendix I. The average draw-bar-pull (D. B. P.) 
for the different furrow's w'as calculated by comput- 
ing the area included iu-betw'een the curve and the 
base line by means of a planimetcr and dividing 
this area l)y the length of base line and multiply- 
ing the quotient by dynamometer constant. 
Specimens of the D. B. P. curves obtained for 
two of the ploughs are given in Fig. 34. In 
addition to the draw-bar -pull, tlie depth and 
width of eacli furrow w'ere recorded by taking 
measurements at three points selected at random 
in each furrow. The moisture content was also 
determined by taking soil samples from eacli fur- 
row'. The total width covered ))y five furrows 
and tlie time takcit to open each furrow' w'ere 
also noted. The angle betw'een the beam and 
the ground line was calculated by notihg the length 
of the beam and the lieight of the free end of the 
beam above the ground line when tlie plough was 
in w'orking position. 

Table 1 summarizes in brief the results of this 
experiment. The different ploughs have been 
arranged in ascending order of draw-bar-pull. 

Discussions 

From the examination of diagrams of all ploughs 
it can be seen that there is considerable difference 
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Loujil ploii^rh IVlhi 

I'ui. 34. Spucimuns o| Uni D.IJ.I*. uin vus 



Fuk .‘M. Side f‘](*va lion view of an Indian plough 
I. Body* 3 W'fdgD, 3. Ihsaiii, 4. Handle, 5. Slmie oi* iron rod, h. (’otter or small wedge, 7. Pin, 
H. Ring to hold th<‘ sliare in position. 0. lnru‘r hend 
♦These iiot »1l>ns have heioi urtetl through >ut ttils fuiper 



Fio, 3(h The sectional view of the dynuraoraeter 


n =3 Main cylinder 
C2«=3 Auxiliary cylinder 

P«Pin to control the flow of oil from main to anxili- 
ftry cylinder 
Pl=Main piston 
P2»: Auxiliary piston 
Metal tube 

R.T.»= Rubber tubes (special) for joining purpose 
S=Spring 


SI — Stylus No. 1 
S2=: „ „ 2 

Lever 

N=Nut to close the oil inlet of auxiliary cylinder 
M=*= Electro magnet 
B»« Battery 

D=^ Paper drum on which stylus No. 2 records the 
movements of the P2 which is proportional 
to the pressure on oil 


Summary of observational data 
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STlTDIEv^ OF SOME INDIAN PLOUGHS 
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between the ploughs in their construction. The 
following are the ' main differences : 

1. In some of the ploughs the body and w^edge 
are made in two paits and have been assembled 
together, wdiile in otheis they liave been made in 
a single piece. In the former case if the w’edge is 
damaged it can be replaced, and at tlie time of 
constructing the body and wedge very little wood 
is wasted. The angle betw een the body and wedge 
can easily be altered wdienever required, as the 
tightening of these parts is done with the help of 
the cotters or pegs, while the angle betw^een the. 
body and wedge in the other type cannot be al- 
tered. Any wood can be used subject to the 
strength of the material to withstand the fon es 
acting on the plough due to the soil. In other 
types a wood wdiieh ivS quite hard and has very 
little wear and tear like acacia should be used. 
In the first type, however, the wedge is likely to 
get loosened soon and cause damage to the body 
as the tightening is done by cotters. 

2. In some ploughs the beam is fixed to the 
body at a farther distance from the bend between 
the body and wedge, while i!i otliers it is very 
near. The advantage in the former case is that 
w’hen the plough is W'orking in a field full of weeds, 
the weeds do not cause any undue im-rease in 
draught by sticking to the plough and blocking 
the passage of the plough. Besides this, the 
depth of ploughing will be greater than in the 
latter case provided the length of wedge and the 
plough angle are same iir both cases. 

3. The w edges are broad caicj short in some cases 
w^hile in others they are narrow and long. The 
ploughs with broad and short wedges are used in 
soils where moisture is high, i.e. generally for 
puddling, in wdiicdi case the cutting force is less. 
If the ploughs with long and narrow wedges aie 
used in soils with high moistuie content, tliey will 
penetrate to a greater depth due to whi(di the 
draught will be more. While cutting with 
narrow wedges the sides of tlie furrows will be in- 
tact (i.e. the distnibance of the soil near the side 
of furrows is very little) and produce a side pres- 
sure on the wedge of plough which will cause :in 
increase in the frictional resistance. Therefore, 
the total resistance per unit area of cross-section 
of the furrow opened is greater in the case of 
ploughs with narrow w'edges than that of the 
ploughs with short and broad wedges. The 
disadvantage of ploughs with broad and short 
wedges is tliat they ploiigli the land to a lesser 
depth than the other case. 


4. In certain ploughs the wedges are solid pyra- 
mids wdth triangular cross-section while in others 
they are of different shapes, some conical, some 
trapezoidal frustums and others solid cones 
having a cross-section like segment of an ellipse 
(cut by a line parallel to its minor axis). In the 
former type the vertex of cross-section faces 
downwards. 

Examining the ploughs from their construction 
point of view it will be seen that a classification 
on coustriudional basis can mainly be done from 
the [)omt of their wedges on which the working 
capacity of a plough depends. Applying this 
criterion the following classification has been 
made : 

(1) PUnujltH irilh broad and short wedges with 
triangular cross sections. Sarnlialpur, Angul, Bhad- 
rak and Banknra ploughs wull fall in this class. 
They are similar not only in their wedges but in 
the attachment of Their beams to the bodies and in 
other, constructional points of view. The Ban- 
kura plough has a slightly longer and nrrrowxr 
wedge than the others. Tlie body and the wedge 
are made in one piece. 

(2) Ploughs frith broad and long wedges with 
triangular cross-section. Native plough Sabour 
falls in this class. The body and the wedge are 
ma.de in one piece. 

(3) Ploughs with, broad- trapezoidal frustum 
urdges. Local plough Chotanagpur Netarhat and 
local plough Chotanagpur come in this class. 
They have no bodies. Sarkar plough Sind and 
North-West Forntier Province plough with their 
tre.pezoidal w edges can also be placed in this class. 
But the beam of the North-West Frontier Province 
plough is curved and the coulters of Sarker and 
North-West Frontier Province ploughs are flat 
iron plates. The body and w^edge are made in 
one piece 

(I) Ploughs with long iredges of mediwn breadth 
with trianguUvr cross-seelion, Bellarv, Coimbatore 
and Berharnpore ploughs w'ill come in this class. 
In the case of Bellary ploughs the cross-section of 
the wedge is triangle. The vertices of the cross- 
se(;tion of the w'edge of Coimbatore plough are 
slightly flattened while that of Berharnpore plough 
are flattened in such a w^ay that the section has 
become yientagon. Jhansi plough also can be 
placed in this class, but one of the vertices of the 
cross-section of the wedge has been rounded and 
this curved face faces downw^ards. The beam of 
the Jhansi plough is curved. The body and wedge 
are made in one piece in this also. 
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(5) PUmffhs with specially designed wedges. Desi 
ploiigli Delhi and Local plough Karnal will come 
in this class. The wedge of Dellii plough is partly 
iron and partly wood. The iron part is a flat 
plate of triangular section jj in. thick. The 
wooden part and the body are made in single 
piece. Similarly in the case of Local plough Karnal, 
the wedge is of two cross-sectional dimensions. 
J^art of the wedge is a p> ramid of segmental cross- 
section and the remaining part is a solid with 
sectoral c*ross-s(Hdi()n as shown in diagrams. 

(()) Plonghs with wedges of wedinm length and 
width. There a.re two su])-ty])es in this class : 

(o) plonghs with body and iredge made in one 
y>mr- J'atna, Desi Gorakhpur No. .‘i, 
\Voo(h*n ()loiakh))ur, (Country Pusa Farm, 
(/hotanagpur Pnrelia, J{anchi, Dacca 
Farm, Pangjnir and Udayagiri plouglis 
will come i]i this class. In tlie rase of 
l)a(a‘a. aiuf Jiai\gpur ]>loiighs the edges 
of their wedges are slightly roiind<Ml. 

(/>) Ploughs ivith body and v'vdge made in tiro 
pieces Desi Gorakh[)iir No. 1, Desi 
(iorakh|)iir No. 2 and Aligarh jdoughs 
wdl coin(‘ in this class. 

(7) Plonyhs with s}nall and thin wedges. Bareilly 
No. J and Kakori ploughs will come in this class, 
'riieir wedges are of insignificant siy.e. They are 
])rol)ably usc'd us harrows. 

(8) Ploughs with narroir and long wedges. 
UoiintrvDoliad, Indore, Bareilly No.2aud Baroda. 
jilonglis wdl come in this class. In Baroda plough 
th(' wedge is conical and di(Ten‘iit from that of 
otheis. 3'he l\>taugi jilongh also can he ])la(a*d 
in this class hut tlie beam and liandlc are, curvtai. 
There is no body and the wedge is a solid cone and 
resembles the piimitive (\|>(‘ 

(U) Ploughs with hiKlies and shares made of non. 
Kannar plough will come in this class. 'Fhe bodv 
and share are specially d(‘sigiu‘d. ''flic beam is 
woodtm and the ]>l<)iigh is a moditiisl hum ol 
V^iotory plough. 

Now coming to tlic' classiilcat ion on the basis of 
(‘rops and the (a>n(lition.s ot the soil at the time of 
ploughing, it can be seen that the follow ing elassi- 
tication can be made. 

(1) Idimghs which arc intended onlg for wet land 
paddg fields. Sambalpiir, Angul, Bhadrak, Ban- 
kura, Local plough Chotanagpnr, L. P. Ohota- 
nagpur Netarliat, with their broad and 
short wedges, como in this class. In the 
case of wot land paddy fields, puddling is the main 
operation to prepare the soil for transplantation 
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and this can be done under waterlogging conditions. 
So these ploughs are more useful than the ploughs 
with the narrow and long wedges. Sabour plough 
with sliglitly modified wedge can be placed in 
this class. 

(2) Plonghs which are intended firr j)addy fields 
and drg lands midwr various other crops. Dacca 
Farm, Bangpur, Tipperah, Karnal, Sarkar Sind, 
Bellary, Coimbarote and De^'i-Gorakhpur ploughs 
w ill come in this class. Tliese ploughs are used 
for puddling paddy lands and also for ploughing 
the fields for other crops. Ploughing is done when 
the moisture content of the soil is suflicien.t to make 
it ]>loughable. If the moisture due to rain is 
iiisullh ient, ploughing is done after irrigation. 
Karnal, Bellary, (-oimbatore and Gorakhpur 
ploughs are used for preparing land tV)r sugarcane 
also. 

(:>) Plonghs which are intended for drg land crops 
onlg. The remaining ]>loughs with long and narrow 
or nuKlinm wedges will <‘ome in this iJass. Some 
of these ))loughs ar(‘ used in rainfed areas only 
while others are used in both rainfed and irrigated 
areas. Jn these cast's also ploughing is done 
when t-he moisl-nre content of the soil is snfiicient 
to make the soil [ilonghahle. 

'riu' (‘xpcrimental results and ll\t^ charts sliowdng 
the draw-bar-pnll indicate tliat the draw-bar-pnll 
in the ease of first furrow is more than m the case 
ol subset] nent furrows in many cases. But ns it 
was voTT difficult to distinguish whether the subse- 
(jiu'nt furrows weie made as in t he ca.so of normal 
])longhing, the investigations w'ere confined mainly 
to data from the first furrows. Ifow'ever, the 
average draw-bai -j>nll for the smct'sslve furrows 
is also givt'ii in Table I for the ]>nr])o.se of 
compai ison. 

d^iking the plouglis of the di fie rent, groups men- 
lioned above on crop basis, tin* values of wddth 
and ih'ptli of the furrows, the D. B. P. wa?ig]it, of 
jdoughs, resistant'e |)er unit area of (*ross-section, 
lioise-power (H.P.) and time enable us to see 
which plough can be regarded as the best in the 
different groups. 

In the ease of Bankura plough the H. P. and the 
resistance per unit area of cross-section of the 
fnrrcnv are comparatively minimum, wdiile the 
eross-seetion and tlie depth of the fun*ow are maxi- 
mimi. The wedge of this plough is more pointed 
than that of the others in this Group and this 
probably may be the cause for maximum depth. 
Besides this, the weight of the plough is quite 
sufficient to make it strong so that the plough c,aj\ 
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GrOITP 1 


I 

! 

Nam#) of plongli * 

I 

li’urrow 

Width 1 Depth 

Weight 
in n>. 

Time to 
open 100 
it. 

ill now in 

S«H-. 

D. B, P. 
in lb. 

HeHisUanoe 

H. P. 

Samtnlpur . 


4-83 

19- 

33 

H!)’8 

3-02 

0-51 

Angul . . . . ! 

11-20 

6 00 

24-1 

20 

121-0 

3-00 

0-85 

1 

BhaHrak . . . 1 

11-83 

.V20 

10-5 

35 

110 0 

3-50 

0 58 

• 1 

Baoknra . . . 1 

12-00 

0-33 

31-0 

27 

127-7 

3-3(i 

0-80 

Looal Plough ChoOoiag* 
,pur 

8-33 

0-83 

34 3 

27 

125-0 

3-70 

0-88 

iv, P. ( !bot,inagpui Netai i 
lu«t 

12-(M) 

5 33 

41 S 

20 

7 

3 25 

1 00 

Sahour with morhlied 1 

1 

i 

Not 1 lied 

Not tiled 

Not tiinl 

N<»t tru*#t 

. 

Not ti led 

Not tried 

Not ti k-d 




« 

(btom* 11 




1 

i 

Name #>1 plough j 

I’urrow 

Woltlt 1 l)»'p1h 

1 Woiyht 
in 11) 

j 'rum* 

1 

' SCI- 

1 

^ 1). B P 

1 

1 Kesistanie 

1 

1 1 

“ “ ■ ! 

1 

1 11. 1*. 

Ban^pur 

‘)tK> 

r> 07 

! 2tH> 


i 

120 5 

* 4-00 ! 

0 82 

Dnooa Parnj 

1) 3 :! 

7 00 

23 0 

i 

1 28 

182 0 ! 

5 57 ' 

MH 

Tippornli 

11 33 

.7 33 

28 0 

28 

115 3 

3H3 1 

0 02 

/>->'/ 0(»rakhj)U!’ S 

0 00 

1 0 Ott 

23 0 

30 

1310 i 

4.-.1 j 

j 

i 0 H2 

Karnal 

12 00 

! H-20 

51 0 

20 

205 0 

0 00 

1*80 

Svarkar Sin#] . 

12 on 

S 00 

3.3 3 

31 

3<I5 0 

5 00 

104 

('ounhatorrt . 

11 00 

11 oO 

37 4 

35 

33S 0 

ti S2 

‘ 1 70 

Bullarv 

1) 00 

11 00 

SI 5 

40 

387 -.5 

8 00 

151 


be used for ‘»eiieral ploiif^hiiig o])eratioi\s lii fields 
witli proper nioistiiro eon tent. Hence the design 
of the wedge and roustriiction of Baukura ]>longh 
appears to 1)6 t}*e l)est of tliis Group. 

Group II can be divided into two sub-groups an 
depth basis. Rangpur, Dacca Farm, /h\s/ G(>rakh' 
pur and Tipperah ploughs will come under first 
vsub-group with depths between 5*33 to 7 in. 
Karnal. Sarkar Sind, Coimbatore and Bellarv 


ploughs will come in the second su))-group with 
depths fietweeii 8 to i) in. In the first sub-group, 
DfSi plough Gorakhpur No. 3 can be considered 
to be the best. In the second sub-gronp the 
Sarkar Sind appears to be the best, but it is used 
in irrigated tracts only. Therefore, Karnal plough 
which is used under varying conditions, can be 
(onsiderod as the best design of this sub- 
group. 
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Group III 




Furrow 







Name of 



Weight, 
in lb. 

Time 

D. B. P. 

Resistance 

H. P. 


Width 

Depth 

in sec. 







" I. (’ountry plough 

8*2 

i 5*5 

' 18*2 

27 

.35*9 

1*59 

0-25 


Gorakhpur No. I. 


j 






1 ^ 

2. Local ] lough Cho- 
tHnagi)ur, Ranchi 

1000 

5*2 

1 16-4 

30 

70*5 

2*81 

0*43 


''3. Ghotanagpur 

9-83 

6*0 

25*1 

28 

65*9 

216 * 

J)*43 


Purelia 








4. Orissa plough, 

1033 

6*0 

17*2 

23 

82*3 

2-65 

005 

ID 

l^dayagiri 

5. L. P. Chotanag- 

10*83 

6 0 

302 

25 

85*1 

2*62 

0*62 


pur, Daltoiigaiij 









'’a. Country Ihisa 

I0-20 

6*5 

34 3 

25 

88*2 

2*66 

0*63 


Farm 









7. VCoodcn Gorakh- 

9*()6 

6*3 

22*6 

30 

118*0 1 

3*86 

0*72 

III. 

pu r 






i 



8. Nati\oSind 

9*00 

6*7 

35*4 i 

32 

133*0 

4*43 

0*76 


9. Local plough 

10*80 

^ 6*4 " 

59*1 

29 

153*8 

4*44 

0*99 


Delhi 









^10. Jhansi . * . 

7*06 

6*5 

44-1 

32 

167*4 

6*72 

0*77 


^11. Dc-vi Gorakhpur 

8*66 

7*0 

22*0 

31 

108*6 

3*58 

0*64 


12. Country Oudh 

7*83 

7-0 

17*0 

29 

167*3 

6*10 

1*01 

IV^ 

13. Country N.-W. 

11*00 

7*0 

47*8 

40 

273*5 

6*98 

1-25 

F. P. 









14. Country Barei- 
lly 2 

8*66 

7*2 

25- 1 

42 

226-2 

7-30 

0*98 


'‘15. Wooden Ber- 
hamporo 

16. Country Patna 

10*00 

7*7 

,36*4 

28 

134*4 

3*51 

0*88 

V. 

11*00 

7*7 

24*8 

27 

164*5 

3*89 

111 


17. Country Aligarh 

9*83 

7*8 

29*2 

34 

166*2 

4*41 

0*89 


18. Native Sabour 

■ 

11*50 

7*8 

44*1 

30 

208*0 

4*62 

1*27 


19. Country ILiroda i 

11-50 

8*0 

50*7 

33 

305*0 

6*63 

1*69 

Vl\ 

20. Orissa Potangi 

8*00 

8*3 

19*2 

30 

293*2 

8 80 

0*92 

1 

21. Country Dohad 

9 33 

9 3 

28 7 

24 

360*0 

8*28 

2*73 


22. (-ountry Indoro 

9*66 

10*7 

56*9 

i 

43 

4100 

8*08 

1*76 


Group III can be divided into a number of sub- 
groups from the depth point of view as indicated 
in the above table. In the case of sub-group I, 
from H. P. and resistance point, Country plough 
Gorakhpur No. 1 seems to be better than the other 
one. In sub-group IT, Chotanagpur Purelia 
appears to be the best of the lot. The weight is 
also quite sufficient to make it strong. In sub- 
group III, Country plough Pusa appears to be 
superior to any of the other ploughs. In sub- 
group IV, Desi plough Gorakhpur No. 2 requires 
much less D. B. P. and H. P. than any of the others. 
In sub-group V, Wooden plough Berhampoi^e can 


be considered as the best. In sub-group VI, it 
will ))e seen that Country plough Baroda requires 
very strong bullocks while Potangi can be worked 
with average bullocks. In the above cases the 
ploughs which are considered to be the best can 
also be worked with average bullocks. Between 
the ploughs of Dohad and Indore, the design of 
Indore appears to be better. 

Summary 

Ploughs collected from different parts of India 
have been examined -from constructional, crop, 
draw-bar-pull depth of ploughing, resistance per 
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unit area of cross-section of furrows and horse- 
power (H. P.) points of view, and attempts have 
been made to classify them on these basis. The 
draw-bar-pull charts, the depth and width of 
furrows, the time taken to open 100 ft. furrow were 
obtained by working the ploughs in the same field 
with the same pair of bullocks and ploughman and 
hence the deductions drawn from this experiment 
are purely comparative. The resistance and H. P. 
were calculated from D. B. P. depth and width 
of furrovs and time. 

In order to have a more definite classification the 
experiment should be repeated in different soils 
and comparison should be made on the above 
basis. 
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Aecpndix i 

DeHCKIPTION of the DYNAMOMETER 

A sketch of the dynamometer used for ploughing 
experiments is given in Fig. 36. It will be seen 
that it consists of two main parts, viz. 

(i) A hydraulic link composed of a well-fitting 
main piston and a cylinder, connected by means 
of a metallic tube to an auxiliary cylinder fitted 
with a piston kept in a position by a spring S. 
The itjtervening space between the two pistons is 
completely filled with oil. 

(ii) A self-recording arrangement which consists 
of a paper roll mounted on two spindles (not shown 
on diagram), and a drum provided with a mecha- 
nism for moving the paper at any desired speed. 

One end of the hydraulic link is connected to the 
yoke and the other to the beam. The pull exerted 
by the bull is transmitted to the oil in the auxi- 
liary cylinder by the transference of oil from the 
main cylinder througli the connecting tube which 
causes the auxiliary piston to move. The move- 
mert of this piston is recorded on a special paper 
roll by means of a stylus Sj connected to the auxi- 
liary piston with a lever. When the plough is in 
continuous operation, the drum is rotated and the 
stylus Sj leaves a continuous mark on the paper. 
In order to obtain a legible impression on the paper 
the pressure exerted on the paper by stylus should 
be adjusted by the screw provided for this pur- 
pose. Another stylus Sg operated electrically by 
a dry cell can be used to mark points oi' the paper 
at any desired intervals. This will enable us to 
calculate the speed at which the plough is being 
worked at any interval (provided the paper and 
plough are moving at a definite speed). 

Knowing the length of the ordinate of the curve 
above the base line at any instant, the D. B. P. 
at that instant can be calculated by multiplying 
it with the compressive value of the spring which 
is usually represented as so many pounds per inch 
of compression. 



434 


i llK INDIAN JOt'WNAL OF AORICULTDRAI- SCIENCE 


1 XIV 


REVIEW 

Annual Review of Bioclteniistry and Allied Research in India. Vol. XIII 

for 1942 

(Society of Biological Chemists, India, Bangalore, Ks. or (5s.) 


IxVESTKiATiONS ill Biochemistry and allied suli- 
jccts during 1942, are reviewed und<*r 11 sections 
and cover varied fields of research. Each of 
these reviews draws attention to the increased 
volume of work. The important contributions 
made in the field of enzymes relate to the nature, 
of the proteolytic systems in the whole blood, 
amylase inhibition by vitamin C, phosphates in 
seeds and the isolation ofan enzyme from Withafnia 
doaf/'iilanns, an easily availa])le substance in the 
market, for the preparation of rennet. Mention 
is made of the investigations which showed that 
phospluites content of milled rice is two-thirds 
that of hand-pound rice. It is also HUggcst<Ml 
that milling standards for rice can be estHl)lished 
on the phosphates cont/ent of rice samples. 

Under vitamins about 400 papers dealing with 
vitamin A, B, (•, liboflavine and nicotinic acid 
are reviewed. Reference is mad(‘ to the interest- 
ing experiments which showed that pa.rboih‘d 
rice contained on the average four times as much 
vitamin B as washed raw rice and that- wheat 
and millets generally (contain their vitamin in 
tlie free state while ])ulses contain varying 
amounts of combined vitamins. 

Widespread famine in different parts of tlie 
c ountry raises the question of combating vitamin 
tleficiency diseases and this problem has become 
more acute due to the scarcity of the imported 
vitamin concentrates due to war conditions. Work 
done in this direction is review'ed under the sec- 
tion of General Nutrition. It was found that 
Bengal gram contained 6 to 20 mg. of vitamin C 
per 100 gm. and tliat this vitamin is rapidly 
formed during germination reaching a maxi- 
mum in 30 to 48 hours after which it remains 
stable for 3 to 4 days. It was shown that dehy- 
drated foodstuffs are too low in vitamin C to be 
of practical importance and that of all the dehy- 
drated fruits amUi (PhylUinthum emblicalin) is 
unique in the sense that potent dry powder can 
be prepared having a potency of about 26 to 30 
mg./gm. of vitamin C. The suggestions made 
for improving the present unsatisfactory state of 
food situ^tjou in India, to mention a few, are the 


manufacture of shark liver oil, the })roduction 
of yeast and yeast extracts in India as sub- 
stitutes for marmitc and imported yeast products, 
the diversion of part of laiul at present used for 
money crops to food crop.s, the prohibition of 
polishing of rice and the harnessing o'f scientific 
methods in agriculture, animal liiisbaiKlrv and 
fisheries. 

In the domain of human pliysiology the work 
revi('we<l relates among other subjects to the age 
estimation, blood cliemistry, blood groups, health 
investigations, circulatory, digestive, reproductive 
and respiratory systems. 

In the field of animal nutrition reference is made 
to the suggestion that in crop planning adequate 
attention should be paid to the needs of the cattle 
especially the dairy cow. The possibilites of 
growing giant star grass in India for fodder supply 
and erosion control arc indicated. luvesiigaiious 
over th<i variations in the composition of berseem 
w'itli the state of growth, the effect of maturity 
of some cereal plants, the carotene content of 
plant materials with special reference to hay 
making and storage,, are also reviewed. Mention 
is made of tlie work on the applicability of the 
freezing point test for detecting the adulteration 
of cow’s and biilTalo’s milk and methods of pre- 
paring cheese of good quality. 

The subject of human pathology continued to 
receive attention. Researches were carried oht 
on dysentery, cholera, digestive system, endo- 
crine glands, kala-azar, leprosy, plague, syphilis, 
typhus and several other diseases. 

In plant physiology tlie reviews relate to nutri- 
tion, photosynthesis, chlorophyll, effect of radia- 
tion, reproduction, hormones, disposal of waste 
products and to ecology of diseases. 

In the subject of chemistry of plant products 
investigations were carried on essential oils, fixed 
oils, sterols and lactones, plant Colouring matters, 
alkaloids and gliicosides, and the HCN content 
of giant star grasses. 

Growing interest is evinced in the manifold 
problems presented by soils. Work reviewed re- 
lates to soil survey and soil classification, soil 
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colloids and physico-cheniical properties, move- 
ment of moisture and salts, soil swelling and shrink- 
age, soil erosion, soil micro-organisms, nitrogen 
fixation in soils, and manures and fertilizers. 

An important contribution reviewed under soil 
survey and classification is the preparation of the 
soil map of India which presents a general idea of 
evolutionary status of the Indian soils under 
varied geological and climatic conditions. Re- 
ference is made to tlie investigations on the effect 
of fertilizer treatments for a number of years on 
the permanent manurial plots at Pusa on th(‘ 
nature of soil micro-organisms and tln*ir activity 
and to the observed correlation between the crop 
yields and microbial activity. The work on cotton 
which showed that cotton seeds coated with dry 
ammonium sulpliate before sowing gave better 
yields than when the manure was applied as top 
dressing or during drilling is also reviewed. 
Attention is drawn to tlic investigation on tlie 
availability of nitrogoen in soils with application 
of F. Y. M. under different conditions of moisture 
and C : N ratios on black (X)tton soil under 
continued cane growing, which showed that soils 
with wide (< : N ratio did not respond to F. Y. M. 
«as the mineralization of F. Y. I\I. in stu'li soils 
was poor. 

While this review contains a faithful record 
of the activities of Indian workers aiul as such, 
much valuable information can be ol)tained from 
it, its utility can further be enhanced by the 
reviewers making their reviews more complete 
by consulting the reports of the various Provincial 


agricultural departments and University maga- 
zines as well as the reports of the irrigation research 
laboratories and those of the private Hesean^b 
Institutions. Work publislied in Indian Journal 
of Pharmacy is not review’ed under cither phar- 
macy or chemistry or plant products, work pulv 
lished in .lournal of Malarial Institute of India is 
not reviewed in human pathology und(*r malaria 
and that in Madras Agricultural rJourual, lb)oua. 
Agricultural (k)llege Magazine are not referred in 
soil and fertilizers, to mention a f(‘W instances of 
obvious omissions. The contribution on the geo- 
logical evolution of (injerat and sfiidy of tin* 
dietary and mitritioiial status, published in the 
Journal of tln‘ (liijerat Hes<*arch Soeiidy missed 
tlie attention of the reviewers. Purtli(*r, in sonn^ 
(‘a.ses inv(‘st igation on the sann^ subject is reviewed 
by several rovi(‘W(*rs under dilferent heads while 
some investigations like tliose on fiMinentatiou 
ar(‘ not reviewiMl in any of tlu' branches. The 
work on nilrogeii fixation liy algae, review of 
niti'og^m fixation, work on liaemojioietie systems, 
nropoietic syst (*ms and tJic investigations on the 
relathm betweini interval of entting and yichl 
arid ehemi(‘al composition ol* perennial grasses 
are r(‘vi('wed in mon* fluin oin‘ place. A slight 
eluMigi^ in llie divisions io be revi(‘W(‘d and a, little 
editorial toueJiing may eliminate thesi‘ (b'feids. 
It is f(*rveutly liopinl tliat the reviews may be 
publislied at h‘ast williin six months of the close 
of tln‘ y(‘ar under r(*view' so a.s to mak<‘ it more 
useful to the wairkiu’s in the dilferent branelu'S (d* 
Hioclieinistry a,nd allied subjects.- S.\M). 









